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Abstract
This project utilizes a biocultural approach to assess the demographics and health of the
West African population from Elmina, Ghana. Elmina, selected by the Portuguese in 1482 as the
site of the first European trade fort in sub-Saharan Africa, grew from a small coastal fishing
village to a large settlement over the course of more than 400 years of trade and cultural
entanglement. Taken over by the Dutch and then ceded to the British, the people of Elmina
navigated significant cultural changes, changes and experiences that can be detected in their
skeletal remains.
Bioarchaeological research concerned with the effects of colonialism and entanglement
has, thus far, focused primarily on the detrimental effects of contact with Europeans; however,
recent research has begun to shift away from this to focus on the resiliency of indigenous groups
and retention of cultural practices. This research project used standard bioarchaeological
methods to identify the remains of a minimum of 93 individuals, including men, women, adults,
and nonadults, principally dating to the eighteenth and nineteenth centuries. It uncovered
evidence of maintained cultural traditions, including the continued focus on agriculture and
fishing for subsistence. It also detected the potential presence of endemic and introduced
diseases, including malaria, tuberculosis, and the treponematoses. Most importantly, this project
identified the resiliency of the people of Elmina to preserve cherished cultural traditions and
survive the hardships of living and working on the coast of West Africa, including disease, food
scarcity, hard work, and even trauma. The skeletal biomarkers identified on the remains of the

x

people of Elmina are proof that they survived long enough for lesions to manifest and daily life
to become embodied.
This project provides a valuable contribution to discussions and research surrounding the
changes and continuities experienced by Indigenous peoples associated with European expansion
throughout the world. It expands this research to West Africa, an area of the world that, to date,
has few bioarchaeological projects focused on these themes. It also provides an important
contribution to the growing data on the African Diaspora and studies focused on the lives of
people affected by the trans-Atlantic trade, particularly the trans-Atlantic slave trade. This study
presents a large sample against which bioarchaeologists can compare aspects of life, health, and
disease of enslaved peoples throughout the African Diaspora.

xi

Chapter 1. Introduction
1.1. Elmina
Historical documentation and archaeological research discussing the health and experiences
of local West African populations during the cultural entanglements of the past five centuries is
sparse. The site of the first European fort in sub-Saharan Africa, the settlement of Elmina in
coastal Ghana, reflects the dramatic changes wrought by five centuries of African-European
interactions.
To explore the biocultural consequences of the transformations associated with pre-colonial
European engagement with West Africa, this interdisciplinary biocultural research project
focuses on the skeletal remains of ninety-three individuals recovered from the Elmina site dating
to the 18th and 19th centuries. Data collected from the skeletal assemblage recovered in
excavations of the settlement are used to evaluate the demography, health, and frailty of an
African population that came into contact and established ties with Europeans. Using these data,
my dissertation research asks: as Europeans arrived in West Africa and the local peoples
established trading networks with them, what were the consequences of the interactions and how
is this expressed in the skeletal remains of the individuals that inhabited Elmina?
The Castelo de São Jorge da Mina operated from the 15th through the 19th centuries as a
major trade port along the coast of West Africa and provided different European regimes with
access to the gold that lay to the north, in the interior of the region. The Castle later emerged as a
major collection point for enslaved Africans awaiting transport to the plantations of the
Americas. The local African community established trading ties and networks with the
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Portuguese, Dutch, and, finally, British, who controlled the fort throughout the period of the
trans-Atlantic trade. The village of Elmina grew with the success of the fort, as it drew in people
from a wide range of backgrounds, including Akan and non-Akan speaking peoples, as well as
enslaved peoples brought to the fort as craftsman, servants, and laborers. The intersection of
European and African life brought a host of cultural changes to the people of Elmina, including
its separation as an independent polity and the introduction and incorporation of a broad array of
cultigens.
Much archaeological work in West Africa has been focused on African populations, but
scholarship does exist that examines the forts and trading posts built by various European powers
across the coast of West Africa (Anquandah 1999; Chouin and DeCorse 2018; DeCorse 2010,
2015, 2016a, 2018; Fage 1969; Lawrence 1963; Posnansky and DeCorse 1986; Van Dantzig
1980). Research has also afforded a better understanding of local populations before the arrival
of Europeans on the coast, and a growing number of archaeological studies examine African
communities and settlements during the period of the trans-Atlantic trade (DeCorse 1992, 2014,
2016b, 2021; Kelly 1997; Logan and Stahl 2017; Posnansky 2015; Stahl and Logan 2014). As
European cultures spread throughout the world, they affected local populations in variable and
often unexpected ways, resulting in a wide range of economic, cultural, and biological changes
and impacts throughout the world.
Biocultural analysis has heretofore provided little insight into the African-European
interactions during this transformative period in the early modern world. This research
completed the first large-scale analysis of human remains from the coast of West Africa,
providing important information about the life and health of the inhabitants of Elmina. Combined
with the archaeological and ethnographic research conducted previously, this research provides a

2

more holistic view of the lives of a West African population during a period of extreme
transformation. The trans-Atlantic trade brought varied peoples into contact, establishing
relationships and trading networks that dramatically changed the lives of the local people. Local
cultures encountered, resisted, and absorbed European cultural norms, while some of their own
traditional structures were eroded and destroyed. Many of studies of this period have focused on
Europeans and the way the trans-Atlantic trade system changed the world, but it is also important
to understand the consequences of this system on local populations, and local responses to
European imperial and colonial practices. Anthropological questions surrounding the impacts
resulting from contact and the ensuing cultural changes remain a prevalent and important area of
research (DeCorse 2019; Hutchinson 2006; Klaus and Tam 2009; Larsen 1994; Ruff and Larsen
2001). This dissertation provides a valuable contribution to the discussions surrounding the
transitions, transformations, and dynamics of social change, specifically on indigenous peoples
throughout the world. It engages with past research at Elmina and a broader discussion of
African-European interactions and changing conditions African populations faced in the
changing social and cultural conditions of the emergent Atlantic World. The skeletal assemblage
from Elmina offers an excellent case study to view the effects of global systemic changes on subSaharan West Africans during the period of the trans-Atlantic trade.

1.2. Project Goals
This anthropological study investigates the impacts of African-European contact in West
Africa on a population from Elmina, Ghana using bioarchaeological methods to answer three
primary questions:
1. What is the skeletal and dental health of individuals from Elmina?

3

2. How have the individuals from Elmina embodied their lived experiences? What
differences can be observed between and within subgroups?
3. How might the impacts of European trade and interactions have affected the health of
individuals at Elmina? Is this reflected in the skeletal material present?
In bioarchaeology, the concepts of ‘health’ and ‘stress’ have been used as a means to
interpret human behavior and the way in which societies adapt to their environments (Reitsema
and McIlvaine 2014). However, the definitions of the terms are often vague, and end up focusing
solely on stress, to the exclusion of broader health questions (Reitsema and McIlvaine 2014;
Temple and Goodman 2014). The World Health Organization defines ‘health’ as “a state of
complete physical, mental, and social well-being and not merely the absence of disease, or
infirmity” (World Health Organization 2008), a holistic concept that encompasses elements of
daily life and community interaction (Reitsema and McIlvaine 2014). On the other hand, ‘stress’
is defined as a “physiological change caused by strain on an organism from environmental,
nutritional, and other pressures, and is a useful proxy for estimating some aspects of past health”
(Reitsema and McIlvaine 2014:181).
A biocultural bioarchaeological analysis offers a method to directly examine the
biological health and life history of past populations, allowing for a more holistic understanding
of the lives and agency of local West Africans during the transformative period of the transAtlantic trade. Europeans arrived in West Africa in the 15th century, and in the subsequent
centuries, established trading posts and built relationships with local West African individuals
and polities as part of the trans-Atlantic trade system (Chouin and DeCorse 2018; DeCorse 2010,
2016b, 2018, 2020a; Lawrence 1963). In turn, the people of West Africa manufactured goods,
conducted trade, made decisions regarding European power and cultural influence, and
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interconnected their lives with the broader world. The establishment of the trading fort at Elmina
led to a shift in settlement in and around the site, particularly with an influx of population as
people moved to the settlement from the surrounding areas. Economic networks were created
and changed as individuals and local polities established trade agreements with European
factions. New technologies and commodities were introduced and absorbed according to
traditional practices and lifeways. Political systems were transformed as local social and cultural
practices changed in the face of European influence and shifting political systems throughout
West Africa. New pathogens were introduced as contact with new peoples exposed local
populations to foreign diseases.
As a bioarchaeologist, I am contributing to the expanding body of knowledge concerning
the effects of African-European interactions on the population of Elmina and afford key
comparative data with individuals throughout the African Diaspora. Using a biocultural
approach, I have conducted a holistic analysis of the bioarchaeological data combined with
archaeological, historic, and ethnographic research. The previous research on Elmina provides
information on the arrival of Europeans to the coast of West Africa, as well as the establishment
of trade, the shifting power and economic networks over time, and observed changes in the
culture of the inhabitants of Elmina. The African settlement saw substantial growth and cultural
change throughout the years of its occupation. The human skeletal assemblage from Elmina
offers a unique opportunity to analyze individuals from the initial establishment of European
trade and into the colonial period.
I examine questions surrounding the consequences of interaction to see how health,
demographics, and social groups shifted under different regimes and the subsequent
sociopolitical changes, alterations in power dynamics, and transformations in cultural practices.
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The majority of burials recovered date to the Dutch period, particularly 1750-1873, allowing for
an examination of the changes experienced by the local African population during a period of
rapid growth and expansion. I also compare the results among the various subgroups represented
within the settlement to see the ways in which encounters and interactions with European
factions are reflected in the bodies of the people of Elmina. The bioarchaeological assemblage
examined represents up to 400 years of daily experiences of local people from every walk of life,
including men, women, children, Akan, fishermen, and possibly enslaved peoples, who lived and
interacted with the Portuguese and, subsequently, the Dutch.
Specifically, I evaluate the paleodemographic composition of the individuals recovered
during excavations at Elmina, including the minimum number of individuals, age, sex, and
stature. The minimum number of individuals was calculated based on a combination of identified
elements and reassociated burials. Age was estimated using known rates of growth and
development in nonadults, and degenerative changes in adults. Sex estimations were assessed
based on cranial and pelvic morphology, as well as femoral head measurements. Stature was
estimated by measuring skeletal elements and then those osteometrics were plugged into
regression equations to calculate stature. A dental inventory was also completed, and analysis
conducted. Teeth were identified and sided, then presence, development, and wear were
assessed. Once the dental inventory was completed, dental measurements were taken, and
evidence of modification and pipe wear were recorded.
Paleopathological analysis was conducted on all individuals and elements using gross
morphological observation. Developmental disorders and growth arrest markers were assessed
based on divergence from normal human development. Evidence of malnutrition was evaluated
primarily through the identification of abnormal porosities such as porotic hyperostosis and
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cribra orbitalia. Indications of infectious disease are assessed through the recording of dental
carious lesions, periosteal reactions and osteomyelitis, endocranial lesions, abnormal porosities,
new bone growth, and general skeletal lesions occurring throughout the body. Other stress
indicators were also noted, including trauma and osteoarthritis.
Finally, I examined the skeletal remains utilizing a Skeletal Frailty Index (Marklein and
Crews 2017; Marklein et al. 2016) and conducted a differential diagnosis. The Skeletal Frailty
Index provides a methodological framework for bioarchaeologists to assess and score commonly
encountered skeletal biomarkers. The differential diagnosis was completed on a selection of
individuals who exhibited unique skeletal traits or a suite of skeletal biomarkers. During
differential diagnosis, all demographic information, inventories, and pathological information
were discussed, and various disease states were examined based on their similarities and
differences to the skeletal characteristics observed on the individuals.

1.3. Project Results
A minimum of 93 individuals were recovered during archaeological excavations at
Elmina with the majority of individuals recovered from Loci A, B, and D. These Loci represent
some of the longest occupied and most densely populated areas of the settlement. The majority
of individuals recovered lived, and died, during the Dutch Period (1637-1873) as determined by
recovered artifacts and grave goods, as well as house construction typology. Adults and
nonadults were represented in roughly equal numbers, as were males and females. The
distribution of individuals across age and sex categories likely indicates the familial units living
in the settlement. The slightly higher numbers of adults may indicate the movement of peoples

7

into Elmina from elsewhere in the region. Taphonomic processes affected all aspects of analysis,
but especially age and sex estimations.
Paleopathological analysis uncovered evidence of a number of markers of malnutrition
and infectious disease. The patterns of dental carious lesions observed at the site are consistent
with a population focused on agricultural subsistence relying primarily on cereal grasses. The
presence of osteoarthritis in the assemblage further corroborated engagement with physically
demanding agricultural activities, as well as other strenuous activities such as craft/construction,
animal husbandry, fishing, pottery making, and carrying fresh water. Individuals from Locus A
were more likely to exhibit evidence of skeletal pathologies. At the time of occupation, Locus A
would have been located near the market and likely inhabited by wealthier citizens. The elite
status of the occupants would have allowed them better access to medical care and adequate
nutrition, thus providing a better chance for the individuals from Locus A to survive their stress
episodes and develop skeletal lesions.
Differential diagnosis of select individuals allows for a more in-depth look at some of the
possible diseases and stressors the people of Elmina encountered. Endemic diseases such as
malaria, treponemal infections, and tuberculosis are potentially exhibited on the skeletons of
some of the individuals. Other, non-specific infections were also noted. One individual exhibited
markers consistent with deformation at the distal femoral growth plate, indicating traumatic
injuries did occur at Elmina. Possible evidence of malnutrition, including scurvy, was also noted,
reflecting possible inadequate access to resources and/or maladies such as ‘Guinea worms’ or
dysentery. Other potential infectious diseases are also represented, including meningitis and
unknown ailments, which offers an exciting avenue for future research.
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In short, the skeletal assemblage recovered at Elmina represents approximately 400 years
of individuals who were living, working, and trading with various European factions. The people
of Elmina incorporated various aspects of European culture and trade goods into extant beliefs
and lifeways, allowing them to adapt to changes in diet, political systems, economic networks,
and technologies. The skeletal lesions observed on the bodies of the people of Elmina reflect the
abilities of the people of Elmina to survive and thrive despite endemic and introduced diseases,
hostilities, and environmental difficulties.

1.4. Outline of this Dissertation
This dissertation is divided into nine chapters. In Chapter 1, I provide an introduction to the
project and the research questions addressed in this dissertation. Chapter 2 establishes the
historical development and archaeological context of West Africa with a particular focus on
Elmina and the Gold Coast. The theoretical foundations of biocultural theory centering on
contact and colonialism are provided in Chapter 3. Chapter 4 discusses the history of
bioarchaeology and paleopathology, the development of the ‘stress concept,’ and the effects and
applications of The Osteological Paradox within the field. In Chapter 5, topics of health and
disease endemic and transplanted to the Gold Coast are explored followed by an in-depth
discussion of skeletal stress markers. Chapter 6 introduces the skeletal assemblage that forms the
basis of this research project, as well as the methods used in the analysis. The results of the
bioarchaeological analysis are presented in Chapter 7, while Chapter 8 discusses the results in
light of their archaeological and sociocultural contexts. In Chapter 9, the original research
questions are revisited, and future research directions of the project are outlined.
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Chapter 2. Historical Context
2.1. Introductions
This chapter provides a historical and contextual basis upon which the bioarchaeological
research and interpretations are built. I do this by first providing a brief discussion of the
historical background of Elmina, including what the area was like before the arrival of
Europeans on the coast, the arrival of the Portuguese and the construction of São Jorge de Mina,
the takeover by the Dutch, and the destruction of the town by the British. Following the overview
of the historical background, I then move into a more detailed discussion of Elmina during the
Dutch occupation of Elmina Castle (1637-1872), the time period that includes the majority of the
burial contexts examined. I focus on peoples who occupied the town, immigrant populations, and
the expansion of the settlement into a large and diverse town. Finally, the archaeological research
conducted at Elmina by Dr. Christopher R. DeCorse is discussed with a focus on the burial
contexts of the individuals recovered during archaeological excavations at Elmina.

2.2. Coastal Ghana before the Arrival of Europeans
Archaeological evidence has shown that agricultural populations settled in the forests of
Ghana (Figure 2.1.) long before the arrival of Europeans on the coast (Chouin 2008, 2009;
Chouin and DeCorse 2010; Kiyaga-Mulindwa 1979; Shinnie 2005; Spiers 2007) and included
hilltop and lowland sites, some with earthwork-entrenchments. The substantial settlement sites,
evidence for iron smelting, and worked gold artifacts suggest stable, long-term communities, the
availability/manufacture of iron digging tools, and communal labor to construct the earthworks .
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Elmina

Figure 2.1. Map of Ghana (Mackey 2018 -public domain)
On the central Ghanaian coast, villages were primarily small ventures with a focus on
agriculture, fishing, and exploitation of lagoonal resources with larger settlements located in the
forest hinterlands (Agorsah and Butler 2008; Biveridge 2014; DeCorse 2005, 2008, 2021;
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Feinberg 1989:44-55). The inhabitants of these villages spoke Akan languages, as evidenced by
the ethnolinguistic similarities recorded in the reports and diaries of Portuguese and other
European traders (DeCorse 2021; Hair 1967). While purely a linguistic classification, Akan
cultural groups display a high degree of cultural homogeneity (DeCorse 2021:199-200; Rattray
1959; Wilks 1993). Archaeological evidence, combined with oral traditions, linguistics, and
regional ethnic patterns suggest the Akan are descendants of early Ghanaian farmers that spread
into the Volta River region between 500 B.C. and 1000 A.D. (Anquandah 1982; Chouin and
DeCorse 2010; Compton 2014; DeCorse 2021). The land the Akan came to inhabit contained
fertile soils, numerous rivers, large terrestrial fauna, aquatic resources, iron, and gold; all items
that would influence the creation and development of Akan social groups.
Agriculture was, and remains to this day, the backbone of Akan society aided by the
creation and specialization of iron tools. The iron specialization utilized by the Akan allowed for
expansion of agriculture and a rapid growth in population. Major crops of pre-Atlantic coastal
Ghana and its nearby interior regions were rice, millet, oil palm, malaguetta pepper, sorghum,
and yams (DeCorse 2021; Stahl and Logan 2014). Small fowl, goats, pigs, sheep, and some cattle
were raised by the local people or were available in the wild. Fishing was a major occupation
along the coast, and the town that would become Elmina was no exception. Exploitation of
lagoonal and marine resources were an important part of subsistence and a variety of gastropods,
shellfish, and crustaceans were used as dietary staples and supplements. Ocean fish and shellfish
constitute the primary bones recovered from Elmina archaeological excavations (DeCorse
2008:88; 2021:108).
Archaeological excavations from Elmina have recovered evidence of pre-fifteenth
century occupation at the base of excavation units (DeCorse 2005, 2021). Ceramic sherds have
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been dated using thermoluminescence signaling occupations at Elmina as early as A.D. 887±104
and 1012±124 (DeCorse 2005:47). Deposits recovered from the Coconut Grove Site, located
four kilometers west of Elmina, provide calibrated date ranges of AD 560 to 670, AD 580 to 680,
and AD 680 to 880, likely indicating a pattern of small settlements along the coast to better
utilize important coastal resources. Archaeological deposits recovered from earlier coastal
settlements are represented by stone beads, occasional fragments of slag and iron, ceramics, and
lithics, including quartz tools.

2.3. Elmina Town
2.3.1. The Village of Two Parts
The earliest documentary accounts concerning the village that would become Elmina
appear in the fifteenth century (DeCorse 2008, 2021; Feinberg 1989). The Portuguese use the
term “Aldea de Duas Partes” (the Village of Two Parts) to describe the town, a term echoed by
Eustache de la Fosse, a merchant/sailor who was captured by the Portuguese and imprisoned at
Elmina, in his account of his travels on the coast (Hair 1994:129). de la Fosse states that the term
is used because the village is comprised of two settlements located a ‘bowshot’ apart from one
another. Portuguese documents suggest one portion of the village was located near the castle, as
evidenced by reports of houses being torn down to construct the fort, but there is nothing to
indicate where the other portion may have been located. Archaeological data suggests that the
two parts of the settlement were located on the peninsula, one close to the Castle and the other on
the higher ground to the west (DeCorse 2008, 2021).
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2.3.2. The Arrival of the Portuguese
2.3.2.1. The Arrival of the Portuguese
For centuries before Europeans reached West Africa by sea, the trans-Saharan trade
linked North Africa, the Mediterranean world and Europe, the Near East, the Sahara, and the
forest and savannas of West Africa (Green 2012; Mattingly et al. 2017; Thornton 2012).
European traders conducting business in Syria, Egypt, and the Near East learned that they could
acquire vast wealth if they could eliminate the middlemen and deal directly with markets in the
Far East.
The Portuguese began to systematically explore the coast of Africa and its islands
beginning in the early 15th century (Boxer 1972; DeCorse 2020a, 2021; Hair 1994; Thornton
1998; Thornton 2012; Vogt 1979). During this time, trade outposts and plantations were
established along the coast and on the African-Atlantic islands. The earliest and most continuous
areas of European trade were in the Portuguese enclaves in Senegambia and the Upper Guinea
coast. Initial progress was slow, but in 1444-5 the Portuguese reached the mouths of the Senegal
and Cape Verde Rivers. In 1475, a Lisbon merchant named Farnão Gomes arrived at the area
between the mouths of the Ankobra and Volta Rivers, although Hair (1994:2) argues that this
area had already been reached in 1471. This area was rife with gold and Gomes gave it the name
a mina de ouro, ‘the mine of gold’, a portion of the area that would become known as the Gold
Coast (DeCorse 2021; Hair 1994:43-44).
There were a number of commodities available for trade along the coast of West Africa,
including gold, ivory, Malagueta pepper, kola nuts, and even enslaved peoples in some areas, but
the Portuguese were primarily interested in gold, specifically from the Gold Coast where
supplies were large and regular. Thus, King John II decided that Portugal should have a
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permanent base in the region and sent an expedition in 1482 to erect a stone fort. The fort, known
as the Castelo de São Jorge da Mina, was established as a fortified warehouse and the
headquarters of a royal governor and garrison, who was tasked with ensuring Portugal was the
sole merchant conducting trade in the region (DeCorse 2008, 2020a, 2021; Feinberg 1989; Hair
1994; Vogt 1979).
2.3.2.1. The Founding of Elmina Castle
The location at Elmina (Figure 2.2) was a logical choice for a fortified trading post thanks
to the African settlement that already existed there and the previous trade contact between the
Portuguese and the inhabitants of the village (Blake 1942:72-73; Feinberg 1969:15-18; Hair
1994:14-31; Vogt 1979:19-25). The narrow, rocky peninsula between the Atlantic Ocean and the
Benya Lagoon provided an easily defensible position for the planned fort and the lagoon offered
a place to anchor and careen vessels. In addition, the availability of quarriable stone provided
materials for the construction of the fortress. The Portuguese crown sent an expedition led by
Commander Diogo de Azambuja who brought with him 10 caravels, 500 soldiers and servants,
and 100 craftsmen, including masons and carpenters, which landed at Elmina in January of 1482.
Supplies were also brought, including precut stone for the foundation, arches, and windows.
Before construction of the fortified warehouse could begin, permission was sought from
the local Africans who lived in and controlled the area (Hair 1994:16-31; Vogt 1979:22-25).
Azambuja requested a meeting with the local ruler, Caramansa, where Azambuja declared he had
brought with him a large cargo of trade goods and requested permission to build a fortified
warehouse in which to store them. In the end, permission was granted for the construction of a
structure, but no exchange of property took place.
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Figure 2.2. Location of Elmina and the Castelo de São Jorge da Mina (DeCorse 1992).
There is no way to know exactly how the local community felt about the construction of
the warehouse, but based on known records and incidents, there appear to have been mixed
feelings (Feinberg 1969:19; 1989:28; Hair 1994:32; Tymowski 2015; Vogt 1979:26). There was
at least some support for the construction since part of the local community resided on the
peninsula, meaning houses had to be torn down in order for the Castelo to be built. Conversely,
Portuguese workers were attacked by local people and a portion of the Castelo was quickly built
to provide a safe haven. Feinberg (1969:19; 1989:28) states that part of the resentment from the
local population resulted from the Portuguese use of rocks called kokobo (see Hair 1994 for
detailed translation and annotation of all primary sources describing this event). These rocks
were considered sacred by the local population and they were upset by the Portuguese quarrying
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them for use in construction. Azambuja provided additional gifts to appease the local population
and allow construction to continue.
2.3.2.2. Elmina in the Portuguese Period
Once established, the Portuguese sought to monopolize trade in the region, even going so
far as to secure a Papal bull declaring Portugal a monopoly on West African trade and
exploration, but other European nations and merchants paid little heed to this declaration
(Chouin and DeCorse 2018; DeCorse 2021; Fage 1969; Feinberg 1969; Kea 1982; Porter 1974).
Competition was fierce as European factions such as the Dutch, British, and Castile (Spain) vied
for access to gold and other commodities that could be found along the Gold Coast, but in the
early era of trade, these visits were few and far between. So, Portugal remained the only nation
with an established position on the coast of West Africa until 1598. Throughout this time, coastal
Ghana remained the primary focus of the Portuguese and, in addition to Elmina, they built forts
and trading posts all along the coast. Trade with the Portuguese proved to be a lucrative business
and many Africans moved to work in the towns that sprang up around the forts (DeCorse
2008:88; 2021:44-55).
By the middle of the 16th century, Elmina was interconnected with West Africa and the
larger Atlantic world. Numerous trade goods were obtained in different parts of the West African
coast, including cotton from Senegal, iron from Sierra Leone, and enslaved peoples from the
Bight of Benin (DeCorse 2020a). One of the most pervasive and lasting impacts of the early
European trade was the introduction of American and Asian cultigens to West Africa (DeCorse
2020a, 2021; Logan and Stahl 2017; Stahl and Logan 2014). Crops including pineapple, sweet
potato, sugar cane, oranges, cassava, and maize became widespread in areas such as coastal
Ghana within a few decades of their introduction with cassava, oranges, and maize becoming
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staple crops. These crops represented new ingredients, but were used in ways that fit within
already established tastes and traditions. Despite the broad array of trade goods available in West
Africa in the 15th and 16th centuries the Portuguese were primarily interested in gold; Elmina,
located on the edge of the gold field, became the seat of Portuguese trade in the region (Chouin
and DeCorse 2018; Elbl 1986; Fage 1969; Hair 1994; Vogt 1979).
With the establishment of trade in West Africa, the Portuguese began what would
become the trans-Atlantic slave trade system (DeCorse 2021; Green 2019). Elmina and the
surrounding area were not major centers for the procurement of enslaved peoples, although there
is evidence of some local people being sold into slavery to repay debts (DeCorse 2021; Green
2019; Thornton 1998). Initially, the Portuguese, and subsequently the Dutch, prohibited the
enslavement of individuals on the Gold Coast seeing it as detrimental to the mining of gold.
Instead, enslaved Africans were brought to Elmina as early as the 1470s by the Portuguese to
maintain the garrison and for sale to African merchants who used them to transport goods from
coastal trade centers to locales throughout the interior regions (DeCorse 2021; Feinberg 1989;
Holsey 2008). Those that remained in Elmina lived within the town and comprised a distinct
component of the Elmina population, some occupying a separate quarter within the settlement
(DeCorse 2021; Feinberg 1989; Kelly 2004; Posnansky 2015; Thornton 1998).
While the Portuguese conducted a brisk business in trade, their influence steadily
declined in the late sixteenth century (DeCorse 2021; Fage 1969; Green 2019). The states and
leaders of West Africa viewed the Portuguese as trading partners and potential sources of profit
and their power and influence were restricted. Any attempts by the Portuguese to establish ties
with interior mining systems were met with active opposition on the part of the coastal
indigenous groups with whom the Portuguese had trade agreements. These groups wanted to
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control the trade, and thus the power and prosperity that came with it to pass through their hands.
Conton (1965) reports on an incident in which the Portuguese attempted to extend their trading
power fifteen miles up the Ankobra River to the mining center of Aowin. It quickly became clear
the local people resented the European influence resulting in an attack on European forts at
Aowin and Elmina.
The Portuguese were not the only nation interested in trade with West Africa and African
rulers, merchants, and communities also refused to recognize the attempt by the Portuguese to
create a monopoly on West African trade (Kea 1982; Porter 1974). Other European nations
fought to break into the lucrative trade and sent ships to trade at Elmina despite the Portuguese
attempts at monopoly (Chouin and DeCorse 2018; DeCorse 2021; Kea 1982; Porter 1974). This
unsanctioned trade and attacks on Portuguese trade ships meant increasing resources had to be
diverted to the protection of trade posts and ships. Combined with inefficient bureaucracy and
illicit trade by government officials, the Portuguese position in the Atlantic trade began to
weaken. As the sixteenth century progressed, fewer and fewer Portuguese ships arrived at
Elmina. Trade with other nations at different strongholds began to pull trade away from Elmina
and these nations, the Dutch and French in particular, competed to fill the vacancy left by the
diminishing Portuguese trade. The Dutch entered the trans-Atlantic trade at the end of the 16th
century and by the middle of the 17th century, they were conducting the bulk of trade in the
Atlantic region (DeCorse 2021; Klooster 2016; Postma and Enthoven 2003). Between 1596 and
1625, the Dutch had unsuccessfully attempted to capture São Jorge da Mina five separate times.
They finally succeeded in 1637 thanks to the aid of a large contingent of coastal Africans,
comprised largely of men from the African states of Eguafo and Asebu, with whom the Dutch
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had built alliances and trade agreements. The small garrison at Elmina was overwhelmed; thus,
the fort passed into Dutch hands where it would stay for the next 235 years.
2.3.3. The Dutch
Production of commodities in northwestern Europe was of major importance to the
African trade (Alpern 1995; Boxer 1990; DeCorse 2021; Fage 1969; Feinberg 1969; Porter
1974). The Dutch textile industry, in particular, was a dominating force in production and trade.
Their ability to sell quality merchandise at prices lower than other countries, especially their
predecessors the Portuguese, contributed to the Dutch ascendency and domination of the Atlantic
trade. The 17th and 18th centuries in particular saw significant expansion of their Atlantic empire
as the Dutch saw their holdings and trade influence extend to western and southern Africa, Asia,
and throughout the Americas. Other nations and mercantile groups challenged the Dutch
domination, but they were unable to make any significant difference.
During their time at Elmina, the Dutch adapted and increased their participation in the
market for human cargo, especially after their expansion into northeast Brazil in 1630 (Feinberg
1989:31). Here, enslaved peoples were needed to work in the mills and sugar cane fields. As the
headquarters for Dutch trade in the region, Elmina became the base of operations for the Dutch
slave industry, which would become one of the foremost slave trading enterprises of the transAtlantic period (Green 2019; Rawley 2005). By the 1640s, the Dutch trade in enslaved persons
was rapidly growing in the regions surrounding Elmina, although the majority of enslaved
peoples were still procured from areas further east, such as the coasts of what are now Benin and
Nigeria (Green 2019; Holsey 2008; Rawley 2005). This would have long term effects on politics
and conflict as groups fought both to protect their people and to obtain captives for trade (Green
2019; Thornton 1998). By 1645 the trade in enslaved peoples was considered the ‘soul of the
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[Dutch West India] Company’ (Rawley 2005:72). Enslaved peoples were brought from
elsewhere in West Africa to the fort where containment cells were built to hold the prisoners,
with estimates of maximum capacity ranging from 150 (Green 2019:108) to 1000 people at one
time (Finley 2004:116). From there, enslaved peoples left Elmina and were loaded onto ships
where they would face the Middle Passage and, if they survived, were destined to provide a labor
force for plantations in the Americas.
2.3.4. The British
Meanwhile, competition for trade remained fierce with some European nations, such as
the French and Brandenburgs, forced to give up when it became apparent that they could not
compete (DeCorse 2010; Lawrence 1963). Everything changed in the early 19th century, as most
European powers and the United States ostensibly abolished the trans-Atlantic slave trade from
Africa, although the trade and local use of enslaved peoples continued in Africa and many other
world areas into the 20th century. As commerce again began to shift, Britain was able to take
advantage of the shift and its products began to dominate trade (Fage 1969; Holsey 2008). The
Dutch saw a steady decrease in revenue, but continued to hold onto its possessions on the coast.
They finally decided to give up their holdings in February 1871, with the official transfer
occurring the following year. The local Elmina population, however, refused to recognize the
British authority. The British were considered the enemy and the local population of Elmina had
fought with the Dutch and Asante against the British on a number of occasions. The British
ordered the surrender of all arms from Elmina in 1873 and, when the local population failed to
turn over their arms, the British opened fire on the town, destroying it in the process. The
majority of the population had already either left or took shelter inside the castle, so no
inhabitants were harmed during the bombardment. The old town site was leveled and never
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reoccupied, with the settlement refocusing to the north side of the Benya Lagoon (DeCorse
2021:28-31).
2.4. Elmina Town in the Dutch Period
2.4.1. Introduction
The Dutch occupation of the fort marks the longest period of occupation by a European
faction at Elmina. The associated documentary record provides a substantial (although still
limited in many ways) amount of data concerning trade, business, and politics at the fort and
surrounding town, as well as some insight into the lives of the inhabitants of Elmina town.
Historical and archaeological data reflect an expansion into new areas, dramatic changes in
construction, and an increased diversity represented in the population (DeCorse 2021; DeCorse
and Spiers 2009; Feinberg 1989; Yarak 2003). As the town grew in population and importance,
the settlement expanded to accommodate the increasing numbers, particularly westward along
the peninsula. During the late eighteenth and nineteenth centuries, houses also began to be
constructed to the south and southeast of Elmina castle and north of the Benya Lagoon. House
construction changed from a majority of homes comprised of waddle-and-daub (a mix of mud,
clay, and water over a wood frame) to homes manufactured from stone, an unusual practice in
the area (DeCorse 2021; Feinberg 1989).
The growing population is indicative of behavioral and social changes, including a shift
from trade with interior population centers to a focus on the coast and trade with Europeans,
particularly during the Dutch period which saw the most extensive population growth and
urbanization in the settlement (DeCorse 2008, 2021; Feinberg 1989; Kea 1982). These changes
can be seen in the archaeological record, creating a unique opportunity to better understand how
the people of Elmina reacted to major sociocultural changes and how they used and transformed
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material goods introduced via contact with various European factions. When combining the
historical and archaeological research, the changes evidenced at Elmina during the Dutch period
provide an excellent backdrop against which to assess the way the people of Elmina navigated
the changes brought by trade with Europeans. These changes may further be evidenced in the
skeletal remains of the inhabitants of Elmina with the body providing a direct record of an
individual’s life (Sofaer 2006).
The increasing population and urbanization seen at Elmina, particularly during the Dutch
period contributed to increases in rates of infectious disease and malnutrition. Rates of infectious
disease have been shown to increase in locations that experience population increases and
urbanization due to the greater number of people and crowded living conditions (Filipek and
Roberts 2018; Roberts and Manchester 2005). A growing population also meant additional need
for crop production which led to increased land clearing and likely increases in the number of
mosquitos associated with clear cutting practices (Livingstone 1958). As discussed elsewhere in
this dissertation, mosquito borne illnesses were a major contributor to ill health experienced by
people living in West Africa. Other changes in subsistence including a shift in the focus on trade
from interior regions to the coast would have affected the foods that were available to the people
of Elmina, potentially leading to malnutrition, especially when food stuffs were scarce during
periods of conflict or drought, but also due to a lack of variety in the diet which can lead to
specific vitamin and mineral deficiencies. These changes are all ‘stressors’ which could have a
direct impact on the human body and be visible in the skeletal record; however, it is important to
note that many stressors cause the same effects on the body. A careful differential diagnosis is
needed to understand which stressors cause skeletal changes, but it is not always possible to
directly correlate a specific stressor or disease with a specific skeletal change.
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The research conducted in this dissertation focuses primarily on the Dutch period due in
large part to the availability of materials, the previous research conducted concerning this period,
and the dramatic changes in the town at this time. The increased population and the associated
diversity created an entangled population, where people of multiple backgrounds lived, worked,
and formed a community that incorporated diverse ideas, objects, and beliefs, while retaining
many aspects of traditional lifeways (DeCorse 1992, 2021).
2.4.2. Entangled Populations
During the 17th and 18th centuries, European expansion created vast changes throughout
much of the Atlantic World, including Elmina. Increased settlement population and urbanization
started slowly in the fifteenth century, but by the seventeenth and eighteenth centuries the
population of Elmina had increased substantially. In 1859, the Dutch reported an estimated
population between 18,000 and 20,000 people (Feinberg 1969, 1989). As the Dutch period
progressed and increasing wealth could be found at coastal towns, especially Elmina, a variety of
Akan people moved into the city, as well as Eurafricans, non-Akan peoples, merchants from the
interior, and even enslaved peoples from other regions of the West African coast (DeCorse 2021;
Feinberg 1989; Yarak 2003).
Due in part to the low number of European women living in Elmina, a Eurafrican
population was already recognized as a distinct segment of the population by the sixteenth
century (Chouin and DeCorse 2018; DeCorse 2021; Feinberg 1989). During the Dutch period,
common law wives were often maintained with formal marriages also occurring, although rarely.
Many Eurafricans worked for the European trading companies with some becoming successful
independent traders. Some descendants of Elmina women and Dutch men were afforded special
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status, called vrijburgers, which translates to ‘free citizens,’ or ‘free people.’ The vriburgers
were recognized as a distinct group and may have had their own quarter within the town.
Not all enslaved peoples brought to Elmina were transported across the Atlantic. Data are
available for the number of enslaved Africans held by European entities in West Africa,
including approximately 300 enslaved peoples working for the Dutch during the eighteenth
century and possibly up to 900 in 1812 (DeCorse 2021; Feinberg 1969; Meredith 1967; Vogt
1979). These numbers are solely for company slaves and do not include enslaved laborers owned
by the local population, although documents confirm the local Elmina population did own
enslaved laborers. These individuals likely would have come from the interior region.
Enslaved peoples owned by the European companies were known as castle slaves or
company slaves and performed a wide variety of duties essential to the functioning of European
factions (DeCorse 2021; Feinberg 1989; Reese 2010; Shumway 2014; Vogt 1979). Male
enslaved laborers were often taught/exposed to specialized skills such as craft/construction,
interpretation, and even business (DeCorse 2021; Feinberg 1989; Shumway 2014). Women were
often providers of domestic, menial labor, including cooking, cleaning, and sometimes tending to
the sick. Castle slaves were always African or Eurafrican and generally had a high degree of
personal agency and were allowed to move freely around the towns and trading forts where they
lived (Shumway 2014). Enslaved peoples owned by the local population conducted a number of
similar jobs to those of the castle slaves (Yarak 1989). In particular, males were often trained to
be skilled laborers and could be hired out to other residents of Elmina for work. Enslaved
peoples lived within the town and comprised a distinct component of the Elmina population, and
even a separate quarter within the settlement (DeCorse 2021; Feinberg 1969).
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Beginning in the 18th century, references concerning the fisherkrom, or fishermen’s
village, begin to appear in the documentary record (DeCorse 2021). An 1873 drawing of the
bombardment of Elmina indicated the fisherkrom was associated with the expansion areas south
and southeast of the castle (DeCorse 2021:53). The later expansion into this area was reflected
archaeologically by the absence of evidence of settlement until the Dutch period. Prior to that the
area was likely restricted for use by the local population.
People who were considered to be of importance and wealth lived in houses surrounding
the market, near the main gate of the castle and the central portion of the peninsula (DeCorse
2021; Feinberg 1989). This is reflected archaeologically in the large, stone houses that were
constructed here during the Dutch period.
2.4.3. Spatial Organization
Upon the founding of Elmina, there were likely two quarters (sections) of the town
corresponding to the two parts referred to in early descriptions (Anquandah 1982; DeCorse 2008;
Feinberg 1969). By the early seventeenth century there were three, which oral tradition identifies
as the Wombir, Alatabanfo, and Abesi quarters (DeCorse 2021; Feinberg 1969, 1989). It is
possible the Alatabanfo quarter represents descendants of enslaved peoples brought to Elmina by
the Portuguese. Later in the seventeenth century, the quarters expanded into seven units: three
large and four small: the Ankobia quarter occupied the area closest to the castle and may have
been the home of the servants of the Europeans; the Allada and Enyampa occupied areas in the
upper village at the far/west end of town; the Abesi quarter was located near the Benya River;
and the Apendhefore quarter may also have been located near the river since it included
fishermen and rowers. Nothing is known about the location of the Akyim or Encodio quarters.
The slave quarter was located at the far end of town (to the west) near the beach. Finally, toward
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the end of the eighteenth century, the Eurafrican population was recognized as a separate quarter
in the town, the Vrijburger or Akrampa Quarter. It is difficult to know exactly where in the town
the wards were located, particularly since the European records that do reference the wards use
various historical and physical references that may or may not correspond with known points.
2.5. Archaeology at Elmina
2.5.1. Archaeology at Elmina
Archaeological, historic, and ethnohistoric work conducted at Elmina have sought to
understand the ways in which the people of Elmina integrated European goods and cultural
systems into traditional African beliefs and lifeways (DeCorse 1992, 2021; Monroe 2018).
Substantial material transformations occurred within the settlement as a result of the transAtlantic commercial exchange. The village of Elmina is an excellent case study to examine
culture change during the period of European contact and trade. The African settlement predated
European contact on the coast and was the site of the first European trade fort in sub-Saharan
Africa. It remained a focal point of trade for centuries resulting in increased urbanization and
complex inter-relationships exhibiting both change and continuity. The changes evidenced in the
archaeological, oral history, and documentary records were driven from within the Elmina
community, drawn on foreign material culture but conceptualized within an Elmina/Akan value
system.
Archaeological excavations and ethnographic research have been conducted at Elmina
since 1985 (Figure 2.3); prior to that date, no systematic survey had been done on the site
(DeCorse 1992, 2021). The most intensive archaeological work focused on the portions of the
site closest to the Castle, which include the earliest and most densely populated sections of the
town. The area immediately to the west of the castle includes the portion that was leveled by the
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British in 1873 and subsequently used by them as a parade ground. Excavations conducted on the
parade ground provide the earliest and most extensive evidence of occupation. Late Iron Age
(circa A.D. 1000-1471) and Portuguese (1471-1637) period materials were recovered, although
limited to shallow pockets of midden resting on bedrock and pre-seventeenth century material
mixed with later deposits (DeCorse 2020). Deposits associated with the eighteenth and
nineteenth century occupation were found in all units excavated in this area. Moving further to
the west, along the peninsula, additional nineteenth century deposits and foundations were
unearthed. These deposits and foundations lay directly on top of bedrock, suggesting this area
would have been exposed bedrock at the time the castle was constructed. Testing directly to the
north also recovered nineteenth-century deposits, but the materials were waterlogged, a finding
consistent with reports of flooding in portions of the town. Lower levels did produce some
sixteenth-to-eighteenth century deposits (DeCorse 2021:81-84).
Outside of these areas, evidence for occupation is scarce. Grading conducted in the
central and northern portions of the peninsula exposed foundations and a cannon. The associated
deposits were dated to the nineteenth century. The uncovered foundation disturbed earlier burials
that likely dated to the eighteenth century. Below this deposit, shallow depressions cut into the
bedrock were located, possibly indicating earlier occupation.
The most visible changes in Elminan material culture are the appearance and common
use of stone dwellings during the Dutch period (DeCorse 1992). A unique aspect of the town,
these likely originated with African artisans trained by the Dutch. While influenced by European
building methods they exhibit continuities with African traditions in regard to the way interior
space is utilized, including a linear arrangement of rooms around a central courtyard. Another
obvious example is the continuity in foodway systems (DeCorse 1992, 2021; Feinberg 1969). A
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multitude of foods and cultigens were introduced to West Africa and Elmina during the Atlantic
period, but evidence of food continuity, including a diet of soups and stews served
predominantly in bowls has been observed and recovered. “The combination of behavioral
patterns argues for cultural continuity throughout the period under study. Rather than drastic
replacement and modification of African culture, the Elmina data are more characterized by
adaptation within certain portions of the social system and by addition to the material inventory”
(DeCorse 1992:190).

Figure 2.3. Archaeological excavations at Elmina, Locus A in 1986. Photo courtesy of
Christopher R. DeCorse
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2.5.2. Burial Contexts
Akan burial practices are varied and have included the use of discrete burial grounds
outside of settlements (see review in DeCorse 2021:187-191); however, burials were expected to
be encountered during excavations within Elmina town as the practice of burying family
members within the house is also well documented (DeCorse 1992, 2021; Renschler and
DeCorse 2016). Burials encountered at Elmina were predominantly recovered from below house
floors, but it is unknown if this was the predominant practice during the period under discussion.
What is certain, is that these burials represent practices that were distinctly non-European in the
mortuary practices represented, including a general lack of coffins, grave goods, and the
prevalence of sub-floor burial (DeCorse 1992, 2021).
The soil covering the Elmina peninsula is thin and does not cover the entirety of the
peninsula. Graves were dug into the pockets of soil and fill resting directly on bedrock and often
extended no more than 30 cm below the living floor (Figure 2.4). Burials were often disturbed
and the skeletal remains disarticulated as the result of other burials, house construction and
modification, and the intentional removal or looting. The remains of some individuals were
scattered across multiple levels and units. For this reason, a major focus of the present research
was the identification of individual remains and determining the minimum number of
individuals.
Individuals were likely burials in simple cloth shrouds, with pins holding the shroud in
place. No evidence of coffins were recovered from burials dated prior to 1873, nor could these
have been accommodated in the thin soil deposits represented. Recovered grave goods include a
variety of beads, such as those made of glass, shell, stone, ivory, and metal. In addition,
European ceramics, Chinese porcelain, metal goods, glass, and tobacco pipes were recovered in
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burial contexts (Figure 2.5). Caskets and masonry tombs were encountered in contexts dated to
after 1873, postdating the leveling of the town. Two brick tombs were found in association with
the British parade ground. One contained a cement- plastered shaft and was open at the modern
ground surface, its contents having been removed in the late nineteenth or early twentieth
century (Figure 2.6). The other tomb contained two disturbed burials, one predating the other.
Additional single interments postdating 1873 were located in Loci B and E. These burials were
scattered and erratic, possibly indicating attempts to bury individuals within a previous house or
location within the settlement. Coffin burial was only recovered from post-1873 contexts with all
recovered materials consistent with European coffins of the eighteenth and nineteenth centuries.

Figure 2.4. House floor burial in pocket of soil, resting on bedrock. Photo courtesy of
Christopher R. DeCorse
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Figure 2.5. A fragmentary burial with fragments of a Rhenish Stoneware jug. The stone wall of a
structure is visible at the top and at right. Photo courtesy of Christopher R. DeCorse
32

Figure 2.6. Tomb excavated on the British Parade Ground. Photo courtesy of Christopher R.
DeCorse
It is difficult to directly correlate burials and loci to specific quarters of the town, spatial
divisions that changed over time. As DeCorse (2021:56) states “documentary sources make it
difficult to determine the social, economic, and cultural variables that influenced the town’s
organization and divisions. Europeans referred to portions of the town by various physical and
historical features that had little reference to the sociocultural context.” For example, Europeans
referred to portions of the town as the ‘upper’ and ‘lower’ villages, seemingly referring to the
perspective looking out of the fort, but the highest portion of land was actually the area to the
east. DeCorse (2021:57) further notes that “as a result of these complexities, archaeological data
provide a poor indicator of the more subtle variations in kindship ties, asafo membership, and
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other features of sociocultural organization.” Unfortunately, little archaeological evidence has
been recovered thus far to indicate the location of the wards.
2.5.3. Conclusion
The historical and documentary records surrounding Elmina provide detailed information
about the workings of the fort and the trade being conducted. It also sheds light on the lives of
the employees and often the local population as well. However, as with all documentary records,
the story of Elmina is biased and incomplete. The focus of the documentary record is, not
surprisingly, primarily an economic one. A paucity of information exists about the daily lives of
the inhabitants of Elmina, including their diet, their personal belongings, and their health. Those
documents that do discuss other aspects of the fort and its personnel, such as diaries, letters, and
reports, are almost exclusively written by Europeans for Europeans, thus providing a one-sided
and biased reporting of the events that occurred during the construction and subsequent
occupation of the trade fort. Previous archaeological research conducted at Elmina has sought to
understand the ways in which the local population used and incorporated European goods and
cultural systems into extant beliefs and traditions (DeCorse 1992, 2021). Analysis of the skeletal
remains of the inhabitants of Elmina can further illuminate the interactions of the people of
Elmina with the European factions by providing direct evidence of mortuary practices and the
ways in which interaction with Europeans affected the health of the local population.
The people who occupied Elmina when the Portuguese first arrived were identified as
Akan. Cultural groups within the Akan ethnolinguistic grouping display substantial similarities
in their cultural practices, meaning the few individuals recovered from early contexts are likely
too similar in burial practices and anthropomorphic skeletal traits to be separated into distinct
groups. This is also true of burials from the later periods. Despite the different roles played by

34

the people associated with and living in the various quarters, it is unlikely that these sociocultural
groupings would be distinct enough to manifest in the skeleton, with a few exceptions.
Individuals recovered from the fisherkrom could potentially display skeletal markers that may be
correlated with the occupation of fishing and rowing (Lai and Lovell 1992; Schrader 2019). In
addition, enslaved peoples living at Elmina were imported from elsewhere in West Africa,
immigration that can potentially be evidenced in the skeleton, especially through isotopic
analysis. Finally, the Eurafrican population existed in a liminal state between their African
families and European forebearers and may possibly display distinct skeletal and burial
signatures, such as Christian burial practices and European adornments, although it remains
unclear if the Eurafrican quarter had a spatial component. Other factors, such as age and sex, also
provide social groupings that can be seen skeletally. All social groupings, including those by age,
sex, occupation, and status, provide the possibility of differential treatment and lifeways that may
be evidenced in the skeletal record.
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Chapter 3. Biocultural Theory and the Effects of Contact and the trans-Atlantic Trade

3.1. Theoretical Approach
3.1.1. Biocultural Theory
Throughout the majority of their history, the fields of biological anthropology and
bioarchaeology were primarily interested in descriptions of skeletal elements and collections
(Armelagos 2003; Goodman and Leatherman 1998a; Martin et al. 2013; Zuckerman and
Armelagos 2011; Zuckerman and Martin 2016). In the early stages, biological anthropology and
its subfields had little concern for culture or history. Instead, the primary focus was on race,
relying on cranial morphometrics as a means to establish racial typologies for various regions
and cultural contexts (e.g., Morton 1839; Morton 1844). A few studies integrated additional
contextual data as a means to answer questions outside simple typologies, such as Earnest
Hooton’s landmark The Indians of Pecos Pueblo (1930), in which Hooton combined skeletal and
environmental data to answer questions about human variation. However, Hooton utilized a
racial typology that described the skeletal population as a combination of various racial groups,
accepted the premise of ‘pure races,’ and would later argue that the population of Pecos retained
‘African’ racial traits as a result of their African heritage and migration out of Africa (Armelagos
2003). Others, such as Anténor Firmin, actively worked against the racist and racialist themes
that pervaded some anthropological research in the nineteenth century (Fluehr‐Lobban 2000).
Firmin’s 1885 book De l’Égalité des Races Humaines (Anthropologie Positive) systematically
critiqued the use of anthropometry, and craniometrics in particular, in his assertion that all races
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were equal and questioned the scientific foundation of racial typologies. He argued instead that
human variation was based on adaptation to climate and environment, an idea that would not
become prevalent in anthropology until the next century.
Beginning in the middle of the 20th century, an emphasis on biology and culture emerged,
arising from combinations of methods, data, and theoretical orientations from across disciplines.
Interest in typological descriptions and racial classification also declined in favor of a more
population-based analysis brought about in part by the rise of Nazism and institutionalized
genocidal racism (Armelagos 2003; Zuckerman and Martin 2016). In the “Origins and Evolution
of Man” symposium held at the Cold Spring Harbor Biological Laboratory, and its subsequent
proceedings, Warren (1951) introduced the populational approach to biological anthropology.
Almost concurrently, Washburn’s (1951, 1953) landmark publication “New Physical
Anthropology” proposed a redirection into a synthetic, theory driven-research model based on
hypothesis testing and models of evolution and adaptation. Unfortunately, this proposal was
largely ignored for decades as researchers continued to use racial models and morphology to
reconstruct cultural and racial histories (Howells 1973, 1989; Neumann 1952; Warren 1951;
Zuckerman and Armelagos 2011).
At the end of the 1950s, Livingstone published a research paper that stands as a landmark
in biocultural studies and is noted as one of the first biocultural works in anthropology (Dufour
2006; Livingstone 1958; Zuckerman and Martin 2016). In the paper, Livingstone discussed the
links between population growth, subsistence strategies, mosquitos as disease vectors, and the
distribution of sickle cell anemia in West Africa. He illustrated that selection for the sickle cell
anemia trait was highest in regions with higher numbers of Anopheles mosquitoes, the type of
mosquitoes that carry the parasite that causes malaria. Cultural habits, specifically swidden
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agriculture, had created environments conducive to the reproduction of the mosquito, making
some areas uninhabitable by humans. Selection for the heterozygous form of the gene protects
against malaria and allowed swidden agriculturalists to repopulate these areas. Livingstone’s
study was transformative in that it was the one of the first anthropological studies to view the
environment as more than external physical conditions (Dufour 2006).
Throughout the 1960s and 1980s, the biocultural approach intersected with
paleopathology through the use of the ecological approach (Buikstra 1977; Goodman and
Leatherman 1998a). These studies viewed the cultural, biological, and physical components of
human environments through a holistic lens to better understand the ways they influenced human
behavior and biology. These studies also succeeded in giving rise to a materialist, holistic
approach that began to bridge the subdisciplines of anthropology (Thomas 1997; Zuckerman and
Armelagos 2011). The incorporation of an anthropological perspective was essential for the
development of bioarchaeology, a blending of the methods and data from skeletal biology and
archaeology (Buikstra 1977). However, not all researchers were interested in the use of a holistic
approach and much of bioarchaeology and osteology remained firmly encamped in typology and
descriptive approaches (Armelagos 2003). Anthropology moved on to new theoretical
approaches, specifically processual ecology and political economy, and biological anthropology
used these approaches to critically evaluate its analyses and began to develop its own politicaleconomic perspective (Zuckerman and Armelagos 2011).
This new perspective utilized political economy paradigms as a way to focus on the
intersection of local and global systems throughout history and the way these systems effect
social institutions that control access to resources, power, and the distribution of power
(Zuckerman and Armelagos 2011; Zuckerman and Martin 2016). A greater emphasis was also
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placed on mechanisms of change, specifically those utilizing actor-based models that placed
action and agency back in the hands of the population as they sought adaptive strategies
constrained by resources and hierarchical society. This political-economy perspective began to
be used to investigate the effects of social inequality on populations in the past and present
(Blakey 1998a; Daltabuit and Leatherman 1998). Buikstra’s (1977) work in the Lower
Mississippi Valley marked the beginning of the shift away from typological studies to a more
broad, theoretical focus on human adaptation and variability. Complemented by the rise of postprocessual archaeology (Goodman and Leatherman 1998a), bioarchaeology began to pay close
attention to social inequality and the role of social relations on modes of production in the past.
Research questions and hypotheses centered around political, social, and economic issues,
including gender, violence, and social inequality (Armelagos 2003; Zuckerman and Armelagos
2011).
Shifts in the past three decades of research have reoriented the biocultural approach in
biological anthropology and bioarchaeology. Today, “the biocultural approach explicitly
emphasizes the dynamic interaction between humans and their larger social, cultural, and
physical environments” (Zuckerman and Armelagos 2011:20). Biology and culture create a
dialectic relationship in which they create and change one another (Zuckerman and Armelagos
2011; Zuckerman and Martin 2016). The biocultural approach is unique in that it “explicitly
considers social and cultural components of the environment, as well as physical, in regard to
human adaptation” (Zuckerman and Armelagos 2011:20). A biocultural bioarchaeology focuses
on patterns of social organization, demography, population interactions, health, and pathology to
better understand the effects of social, ecological, and political processes on health within and
between populations (Buikstra 1977; Goodman 1998), as well as the underlying social processes
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affecting biological variation, such as labor and access to resources, the interconnectedness
between local and global processes, the importance of understanding social change and
biological consequences with humans as active agents in their environments, and the role of
ideology and knowledge in understanding human relationships and their biological consequences
(Goodman and Leatherman 1998a). Through a biocultural approach, bioarchaeology can
demonstrate experiences that affect human biology, but are not visible in the historical or
archaeological record (Joyce 2005; Sofaer 2006).
A bioculturally-oriented bioarchaeology emerged in the 1970s from the convergence of a
new physical anthropology, the development of the ecological approach in bioarchaeology, the
emergence of processual archaeology, and the anthropologization of paleopathology (Buikstra
1977; Sheridan 2017; Zuckerman and Armelagos 2011). Bioculturally-oriented bioarchaeology
is premised on the application of a population perspective that recognizes culture as an adaptive
force within human environments that is linked to biological adaptation, as well as the existence
of methods for testing hypotheses on the complex interaction between biological and cultural
dimensions of the adaptive process (Buikstra 1977; Zuckerman and Armelagos 2011). This
approach embraces the concept that cultural systems can encourage or inhibit biological
processes (i.e. malnutrition or disease) and gives bioarchaeology its ability to answer significant
questions on the adaptive experiences of past populations on local and regional levels. The
introduction of processual archaeology to bioarchaeology incorporated a holistic,
interdisciplinary viewpoint that allowed for a dramatic increase in the number of studies that
integrated patterns of nutrition, trauma, and disease in skeletal samples, facilitated by the
recognition of a suite of skeletal stress indicators (Angel 1966; Brothwell 1967; Buikstra 1991;
Cohen and Armelagos 1984; Goodman 1991; Goodman et al. 1984; Goodman and Martin 2002;
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Mittler and Van Gerven 1994), a field of research that remains popular today and is continuously
developed through critique and research (Walker et al. 2009; Weston 2008, 2012; Wood et al.
1992). This was further bolstered by the increase in research on functional (adaptive) anatomy
and biomechanics allowing the reconstruction of behavior and lifestyle from skeletal and
archaeological data to become a primary goal in bioarchaeological research.
The field of paleopathology in particular saw a renaissance in the 1970s with the
emergence of a biocultural and anthropological perspective (Blakely 1977a, 1977b; Buikstra
1977; Larsen 2012; Robbins 1977; Wolf 1977; Zuckerman and Armelagos 2011). Three main
camps came out of this renaissance (Cook 2012). One was led by the students of Dr. William
Bass who continued to pursue research focused on an ethnohistorically informed view of
paleopathology. The second was led by Dr. George Armelagos and his students with research
focused on Dickson Mounds that developed independently from contemporaneous developments
in archaeology. The third was led by the students of Dr. Charles F. Merbs with research focused
on west-central Illinois that incorporated the processual and adaptationist perspectives of the
New Archaeology movement. A session held at the Annual Meeting of the Southern
Anthropological Society in Atlanta, Georgia, in 1976 reflects this research, leading to multiple
chapters published in the conference proceedings discussing biocultural adaptation and health
(Blakely 1977a). Perhaps the most well-known is the chapter by Jane E. Buikstra (1977) which
emphasizes the interdependence of the physical and cultural environments with human biology
in the Lower Mississippi Valley region of Illinois. In this chapter, Buikstra first uses the term
‘bio-archaeological’ in its modern usage and introduces methods of differential diagnosis and a
population-based, epidemiological approach.
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The biocultural approach has gained in popularity with a significant increase in use by
bioarchaeologists and, to a lesser extent, in paleopathology since the 1990s (Armelagos 2003).
Bioarchaeologists are conducting research that integrates social theory with archaeological,
ethnographic, and historical contexts (Goodman 1998; Knudson and Stojanowski 2008). Today,
bioculturally oriented bioarchaeological research covers a vast array of topics, including violence
(Martin and Harrod 2015; Walker 2001a), the evolution of disease (Armelagos et al. 1996;
DeWitte 2014, 2016) and its relationship to social inequality (Armelagos et al. 2005), disability
(Roberts 1999, 2011a; Tilley and Oxenham 2011; Trinkaus and Zimmerman 1982), and many
others. One area of increasing concern is the study of social identity (Knudson and Stojanowski
2008). Social identity encompasses a suite of individual characteristics and social structures,
such as age, gender, status, religion, and social mores (Díaz-Andreu et al. 2005; Geller 2008;
Joyce 1998, 2005; Sofaer 2011; Zuckerman and Crandall 2019). The bioarchaeology of
childhood and old age have received increasing attention (Agarwal 2012; Dye 2017; Ellis 2018;
Halcrow and Tayles 2011; Lucy 2005; Schug and Goldman 2014), as well as the effect of
marginalization on the health of populations, especially throughout the African Diaspora (Blakey
and Rankin-Hill 2004; Cardoso et al. 2019; Mack and Blakey 2004; Null et al. 2004; Shuler
2005a; Statistical Research 2009; Wasterlain et al. 2016). Some of bioarchaeology’s most wellknown research foci have centered around our understanding of prehistoric health, especially
health associated with the transition to agriculture, and the arrival of Europeans in the New
World.
Agriculture was assumed to be beneficial to farmers, hence its adoption around the world
in a period dubbed the Neolithic Revolution, or Neolithic Transformation (Armelagos 2003;
Cohen and Armelagos 1984; Cohen and Crane-Kramer 2007; Knudson and Stojanowski 2008).
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However, early studies found paradoxical results indicating agricultural populations were
experiencing increased infectious disease and nutritional deficiencies (Armelagos 1969, 2003;
Lallo et al. 1978). A symposium entitled “Paleopathology at the Origins of Agriculture” was held
which discussed case studies analyzing the health of nineteen populations that experienced the
transition to intensive agriculture (Cohen and Armelagos 1984). A number of important findings
were observed including: increases of infectious disease with the onset of sedentism; rapid,
significant increases in infectious and nutritional diseases with agricultural subsistence; a
synergistic relationship between nutritional and infectious diseases; an increase in trauma, an
earlier onset of degenerative joint disease, and changes in growth patterns evidenced by enamel
defects; and the reduction in birth spacing coeval with the change in subsistence resulted in
considerable biological costs to certain segments of the population, with women of reproductive
age, infants, and children being at greatest risk (Armelagos 2003).

3.2. Biocultural Theory of Culture Contact and Colonialism
Bioarchaeological and paleopathological research surrounding culture contact,
colonialism, and entanglement is constantly changing as new research uncovers unexpected
results, expands to look at new parts of the world, and begins to ask new questions. When
research first began attempts to understand the effects of culture contact, it was defined solely as
the process of Native American acquisition of European diseases (Dobyns 1983; Murphy and
Klaus 2017; Ramenofsky 1987). Contact between the Eastern and Western Hemispheres with the
arrival of Christopher Columbus to the Americas in 1492 has historically been viewed as the
most transformative example of culture contact and colonialism (Crosby 2003; Wolf 1982).
Initial studies viewed culture contact as a biological phenomenon involving the acquisition of
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European pathogens and a resultant catastrophic population decline (Crosby 1986, 2003; Dobyns
1983; Ramenofsky 1987). However, three early studies changed the face of European culture
contact studies and remain exemplars for research conducted today (Baker and Kealhofer 1996;
Larsen and Milner 1994; Verano and Ubelaker 1992). These studies utilized a biocultural
approach, incorporating historic documentation, archaeological research, and osteological data to
better understand the ways in which changing environments and social processes affected the
health of indigenous populations throughout the New World.
In New Spain, an area spanning southern North America, Central America, and most of
South America, both the Spanish crown and the Catholic church exerted strong influence over
Indigenous groups via population resettlement in villages, towns, and missions, both as a way to
encourage and monitor conversion to Christianity as well as to provide a ready labor pool for
economic activities. Studies by Larsen and colleagues on the Georgia Bight/southeast coast
represent some of the most comprehensive and multidisciplinary collection of studies concerning
contact period populations (Larsen 1994, 2001; Larsen and Milner 1994). Within a century of the
arrival of Ponce de Leon to La Florida in 1513, a network of Christian missions had been
established along the coasts of Georgia and northern Florida. Skeletal studies from this area
represent some of the earliest groups to be contacted north of Mexico and research has sought to
understand the biological basis of long-term contact with Europeans, including introduction to
disease, dietary changes, malnutrition, and increased labor demands (Larsen 1993, 1994). This
region sustained some of the earliest and most severe losses from epidemic disease with the
decreasing number of villages in the seventeenth century attesting to the dramatic decline in
population.
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Research conducted by Larsen and colleagues in coastal Georgia and Florida has
concentrated primarily on prehistoric (pre-1450 AD) and historic (1566-1702 AD) period sites
associated with the Guale. This research has focused on two broad areas of inquiry regarding
biocultural stress and adaptation. The first sought to assess the quality of life of the contact
period Guale, particularly in regard to population nucleation as a result of reduccion policies, and
the second sought to better understand the consequences of changes in behavior and activity due
to the introduction of Spanish labor practices and sedentism (Larsen 1993, 1994; Larsen et al.
2001). Isotopic evidence indicated simultaneous increases in reliance on maize and decreases in
reliance on marine foods when mission period Indigenous populations were compared with
prehistoric groups (Larsen et al. 1992; Schoeninger et al. 1990). A growing reliance on maize
was further corroborated by an increase in the prevalence of dental carious lesions (Larsen
1991).
Enamel defects were observed in both populations with relatively narrower defects in
precontact individuals, possibly indicating a shorter and/or less severe stress duration. Enamel
hypoplastic defects were also noted to be narrower in mission period indigenous groups than in
contemporaneous people living in the mission, demonstrating the ill effects of mission life such
as declining nutrition and crowded living conditions (Hutchinson and Larsen 1990; Larsen and
Hutchinson 1992). Dense concentrations of Native Americans around missions promoted the
spread of infectious disease due to the close proximity and unsanitary living conditions as
evidenced by the increased incidences of enamel defects and an increase in periosteal reactions
(Larsen and Harn 1994). Osteoarthritic and degenerative joint changes, as well as biomechanical
analysis to changes in long bone cross-sections reveal a pattern of increasing mechanical
demands on the native Guale (Fresia et al. 1990; Larsen and Ruff 1994; Ruff 1990; Ruff and
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Larsen 2001). Indigenous labor played an important role in the economic success of the Spanish
and Native Americans participated in food production, cargo-bearing over long distances,
construction of the missions, and other activities. Changes in cross-section morphology provide
further evidence of expanding sedentism among mission-period Guale.
Conversely, in the northeast and central United States and Canada, early European
factions, especially the British and French, tended to be interested in entrepreneurial trade
exchanges that involved very little government oversight and control, creating a very different
pattern of culture contact and consequences. This is perhaps best exemplified by research
surrounding the Central Plains Omaha and Ponca (Reinhard et al. 1994). The Omaha and Ponca
inhabited the Missouri River valley of the central Plains in northeastern Nebraska. These two
groups pursued trade relations with Euroamericans, especially within the vast fur trading
industry. During the period spanning 1780 to 1820, trade between indigenous groups and the
American Fur Company saw the emergence of the Omaha as a major force in the area.
Ethnohistorical, archaeological, and human osteological records show a drastic change in
lifestyle and health in response to social, cultural, and biological changes as a result of the fur
trade and other interactions with Euroamericans (Owsley 1991, 1992; Owsley and Jantz 1994;
Palkovich 1981; Ramenofsky 1987; Reinhard et al. 1994; Trimble 1992).
Isotopic analysis signals a shift from maize to nonmaize diets, likely reflecting changes in
traditional diet as a result of trade. As trade increased, a greater use of wild, gathered plants and
animal sources of protein occurred. This was also promoted by the introduction of the horse and
firearms to the area through contact and trade (Reinhard et al. 1994). Female anterior teeth show
extensive wear in contact-period dentition resulting from the preparation of animal hides.
Analysis of osteoarthritic changes saw a decreased prevalence, but increased severity during the
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trade period. Frequencies of other vertebral pathological conditions, such as Schmorl’s nodes and
spondylolysis were significantly greater in contact period Omaha and Ponca skeletal remains,
indicating increased mechanical demands. Females displayed greater rates of pathology than
males, suggesting lifestyle changes were more intense for women than men. Additional skeletal
modifications associated with the introduction of the horse were also noted, including elongation
of the acetabulum, extension of the articular surface of the femoral head onto the femoral neck,
and degenerative pathology of the first metatarsal.
Overall, these studies, and others, have shown that the consequences of European contact
and colonization cannot be assumed as uniform across space, time, and cultural groups (Baker
and Kealhofer 1996; Larsen 1994; Larsen and Milner 1994; Murphy and Klaus 2017; Verano
and Ubelaker 1992; Walker 2001b). A wide variety of consequences occurred in the Americas
(and beyond) based on complex interrelationships between precontact patterns of health and
disease, local and regional environments, population density, sociopolitical structures, and the
relationship between Europeans and the groups with which they came into contact. Multiple
European factions arrived in the Americas following the arrival of Christopher Columbus.
French, Dutch, British, Spanish, and even Russian colonizers arrived in a variety of places
throughout the New World, encountering a vast array of indigenous communities and ecological
zones. Varied aims by the different factions also affected the consequences and changes seen in
indigenous groups.
Comparisons of regions and groups show some interesting patterns. Most importantly,
the evidence disputes the assumptions of pandemic models of rapid and uniform disease spread.
Instead, varied population densities, unoccupied spaces, and social traditions and changes created
areas with differential susceptibility to disease transfer. However, all areas exhibit some evidence
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of increased physiological stress, often through the presence of enamel hypoplastic defects, but
other stress indicators, such as periosteal reactions, porotic hyperostosis, and dental carious
lesions were recorded in varied rates throughout time and across and within populations.
Changes related to behavior and activities were observed with increased rates of degenerative
joint disease and changing patterns of musculoskeletal markers. In sum, a variety in temporal
trends tied to local conditions and circumstances can be observed, some of which were in place
before the arrival of Europeans and continued to affect indigenous lives after contact.
Historically, the majority of bioarchaeological studies concerned with culture contact and
its consequences have focused on the Americas, particularly North American indigenous
populations. However, research has been conducted in other parts of the world, especially in
response to recent calls and pushes for more diverse research (Murphy and Klaus 2017). As
mentioned previously, much of the work conducted in Central America (Cohen et al. 1994;
Cohen et al. 1997; Tiesler et al. 2010; Verano and Ubelaker 1992; White et al. 1993) and South
America (Ubelaker 1994; Ubelaker and Newson 2002; Verano 1997; Verano and Ubelaker 1992)
focused on contact and interactions between indigenous groups and the Spanish regime,
especially in relation to missionization and labor. More recent scholarship has sought to expand
on early research by including more regions and indigenous populations (Klaus and Tam 2009;
Murphy and Klaus 2017; Renschler and DeCorse 2016).
In their edited volume, Murphy and Klaus (2017) gather a variety of authors conducting
research surrounding the transformative effects of culture contact, conquest, and entanglement
from throughout the world. Building on research conducted in the past, Winkler and colleagues
(2017) combine biological stress markers with mortuary data as a means to examine the
relationship between social status and well-being among the Guale from Santa Catarina de Guale
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in Spanish Florida. Researchers working in Central America, Harvey and colleagues (2017)
utilize multiple lines of evidence to understand the effects of living on the Spanish frontier on the
health of Tipu Maya. A number of authors in the volume expand upon the bioarchaeology of
culture contact and colonialism by focusing their research in South America, particularly in
Argentina (Guichón et al. 2017) and Peru (Klaus and Alvarez-Calderón 2017; Murphy et al.
2017; Ortiz et al. 2017).
Klaus and colleagues work in Peru, both in the aforementioned volume and elsewhere,
have contributed a significant amount of research to discussions surrounding transformations in
indigenous groups during and around the period of culture contact (Klaus 2013; Klaus and
Alvarez-Calderón 2017; Klaus et al. 2009; Klaus and Tam Chang 2009; Klaus and Tam 2009).
Incorporating research from throughout Peru, Klaus and colleagues utilize multiple lines of
evidence, including skeletal markers of health and diet, mortuary archeology, and archaeological
research to compare and contrast the effects of contact and colonization, including resistance
against colonialism, of multiple groups in the region. Their findings have shown major increases
of morbidity and disease compared to late pre-Hispanic health patterns.
Researchers interested in the effects of contact and colonialism have also started to turn
their focus to areas outside the Americas. Focusing on research concerned with traditional
European expansion, scholarship has expanded to include islands in the Pacific (Owsley et al.
1994; Pietrusewsky and Douglas 1994); Australia (Adams et al. 2018; Dowling 2017); the
Caribbean (Crosby 2003; Laffoon and Hoogland 2012; Valcárcel Rojas et al. 2011; Varney
2003; Weston 2010) and Africa (Cox et al. 2001; Renschler and DeCorse 2016; Schaffer and
Agorsah 2010; Steyn 2003), as well as research on the colonial Europeans themselves (Anson
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2004; Danforth et al. 2013; Donlon et al. 2008; Funkhouser 2014; Owen and Casey 2017;
Varney 2007).
Recent scholarship has also sought to adjust the narrative of culture contact studies from
one concerned solely with the effects and consequences of culture contact to one that seeks to
understand the ways in which groups survived, adapted, and accommodated new circumstances.
As Larsen states “[t]here has been a tendency to be singularly impressed with the declines in
native populations during the last 500 years since initial contact with Europeans. On the other
hand, we should be equally impressed with the truly remarkable resilience of native groups,
despite unbelievable pressures-labor exploitation, displacement, disease, crowding, dietary
change and malnutrition-during the same time frame” (Larsen 1994:143-144). This has been
especially true of research concerned with the arrival of Europeans to Africa and the forced
migration of Africans throughout the world, but especially to the Americas and the Caribbean.

3.2.1. Bioarchaeology of the Gold Coast
A paucity of bioarchaeological research exists in West Africa, especially research
focused on European contact and Atlantic Slave trade period populations. However, skeletal
remains have been encountered during excavations and the osteological analysis conducted has
provided interesting information on the lives of the inhabitants of the region. Archaeological
excavations at Kormantse in Ghana recovered seven to nine individuals from house floor burials
within the village (Schaffer and Agorsah 2010). The recovered remains were highly fragmentary
and are comprised mostly of dentition. Metric and nonmetric analyses were conducted when
possible and estimated the burials represent five adults and four nonadults. Continued analysis of
additional burials is ongoing with further results forthcoming (Schaffer, personal
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communication). Combining osteological data with archaeological analysis, ethnographic
information, and historical documentation allows Schaffer and Agorsah to understand the
individuals recovered from Kormantse as part of the broader trans-Atlantic Slave Trade system.
This study adds important data concerning the ways contact and trade affected the people of
West Africa, both on the coast and interior, as well as baseline information against which
broader African Diaspora studies can be compared.
The most extensive and well-known bioarchaeological analysis conducted on an Atlantic
period West African population is that from the Elmina research that is the focus of the current
study (France et al. 2019; Renschler and DeCorse 2016). A subset of 47 burials had been
analyzed by Dr. Emily Renschler prior to the research conducted in this dissertation (Renschler
and DeCorse 2016). The individuals analyzed were recovered from loci A, B, and E and focused
on the more intact, articulated remains. The 47 individuals analyzed by Renschler are included in
the study discussed in this dissertation as well as the remainder of the burials recovered from
Elmina. Renschler and DeCorse (2016) reported a surprising lack of dental carious lesions, a
finding also noted in the current study. This absence may be attributed to poor preservation and
antemortem tooth loss. Other indicators of stress, including linear enamel hypoplasias, cribra
orbitalia, porotic hyperostosis, and periostitis were identified by Renschler with porotic
hyperostosis and cribra orbitalia recorded as active in all of the subadults sampled. The authors
also recorded evidence of intentional dental modification and pipe smoking facets.
Stable isotopic analysis has been conducted on the individuals from Elmina with the
objective of using the O2 signature from Elmina as a proxy for African born individuals in
diasporic contexts (France et al. 2019). Stable isotopic values were compared against data from
contemporary North American sites to test whether the origins of first-generation enslaved
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peoples could be identified. The authors discovered that Elmina carbon isotopes (δ13Ccollagen and
δ13Ccarbonate) are relatively higher than those of enslaved peoples from North America with
African Americans showing a similarity to West Africans. Nitrogen (δ15Ncollagen) and oxygen
(δ18Ocarbonate) isotope values were also both higher in the Elmina population. The similarity in
carbon isotopes between the people of Elmina and African Americans suggests similarities in
food availability or food preferences. Higher nitrogen isotopic values among Elmina peoples
indicate a continued reliance on riverine and marine resources. Oxygen isotopic data shows a
clear difference between the people of Elmina and the North American Mid-Atlantic sites,
making it possible to identify outliers at the North American sites as potential recently arrived
peoples from West Africa.

3.3. Using Biocultural Theory at Elmina
Using a biocultural approach in bioarchaeology allows researchers to better understand
the dynamic relationship between humans and their physical, cultural, and social environments
(Zuckerman and Armelagos 2011). By considering social and cultural components of the
environment, in addition to physical, a more holistic understanding of the population can be
reached. At Elmina, combining osteological data with previous archaeological work,
ethnographic knowledge, and historic documents, would allow for a more complete
understanding of the effects of contact, entanglement, and change during the period of European
contact and trade on the coast of West Africa. The population at Elmina is the largest skeletal
assemblage representing people of West Africa during this period and offers an opportunity to
analyze the way social, ecological, and political processes affected the inhabitants.
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Early archaeological studies focused on the study of indigenous peoples throughout the
world viewed processes of contact, change, and exchange through the lens of ‘culture contact’
and were interested in the way cultures and peoples changed due to this contact (Silliman 2020).
This is especially true in the Americas where researchers sought to understand the effects of
settler colonialism and the way the direct presence and involvement of Europeans, as well as the
attempted forced replacement of indigenous cultural practices and materials with European
counterparts, changed the culture and biology of indigenous groups. Many previous studies
focused on European contact were concerned solely with the effects that Europeans had on
indigenous populations, without regard for the way local populations controlled, mitigated, and
had active agency in their dealings and relationships with Europeans (Larsen 2001). However,
the use of culture contact and settler colonialism as analytic constructs do not encapsulate the
processes seen throughout West Africa, including Elmina. Here, local populations provided
permission for Europeans to occupy their land, and often this presence and the actions of those
European occupants were tightly controlled (Chouin and DeCorse 2018; DeCorse 2021; Kelly
1997, 2002). In this way, the lives and cultures of these groups became ‘culturally entangled’
(Jordan 2009; Silliman 2020).
The term ‘entanglement’ can have many definitions, the most appropriate to this project
are discussions surrounding cultural and colonial entanglement, such as that discussed by Jordan
(2009). Jordan defines entanglement as an interaction with an expanding state (in the case of
Elmina this means Europeans, particularly the Portuguese and Dutch) that gradually results in
changes in indigenous patterns of production, exchange, and social relations. In these situations,
the indigenous groups are not colonized, instead they actively engage in decision making
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regarding the power allotted to the expanding state, as well as which cultural facets they wish to
adopt and/or integrate in already established cultural practices.
Research at Elmina has focused almost exclusively on the entanglement and agency of
the local population in regard to their interrelationships with Europeans, and the way the social,
cultural, and political processes of Elmina changed in the face of outside influences (DeCorse
2021). The use of a bioculturally oriented bioarchaeological analysis adds an additional means of
investigation into the way culture change affected the inhabitants of Elmina and the interaction
between biology and the changing social and physical environment by using the physical bodies
of local West Africans to assess the impacts of historical processes and cultural entanglement on
the health of indigenous populations, at the same time further expanding the use of a biocultural
approach to West Africa.
Bioarchaeological research on the coast of West African remains sparse, especially in
regard to the local consequences of European contact and settlement. Coastal Africans were
major players in the trans-Atlantic trade: they facilitated and directed trade, regulated the actions
of Europeans, and navigated the subsequent social, cultural and political changes. This project
applies a biocultural approach to evaluate the local impacts resulting from the arrival of
European trade and expansion on the individuals from Elmina, Ghana. The skeletal collection
includes West African peoples who lived in Elmina from the point of initial European contact
and trade through the abandonment of the settlement, with a particular focus on the Dutch
period, allowing for a view of the consequences of the new political, economic and social
systems. By investigating the ways in which the local population embodied the cultural
transformations created by these interactions, we can better understand the local impacts of
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contact, trade, and shifting power dynamics occurring on a global scale from the 15th century
onward.
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Chapter 4. Bioarchaeology, Stress, and the Osteological Paradox
4.1. History of Bioarchaeology and Paleopathology
The development of the fields of bioarchaeology and paleopathology are important for
grounding the aims of this project within the field. Therefore, I discuss the evolution of the fields
from the 18th century onward with a particular focus on the ways in which the fields have
expanded globally and the development and use of the ‘stress concept’ and Osteological
Paradox.
The earliest work attributed to physical anthropology is said to have begun in the
Enlightenment Period of the eighteenth century (Brace 2005; Little and Sussman 2010). At this
time, interests lay primarily in the exploration of human origins and human variation. “Race” as
a concept was introduced during this formative period and would remain a dominant focus for
much of the next two centuries (Brace 2005; Buikstra and Beck 2006; Little and Sussman 2010).
In the United States, a number of scholar-scientists were involved in the scientific advancements
of the period, with a particular focus on the origins and variation of Native Americans. Perhaps
the most colloquially well-known was Thomas Jefferson, a Founding Father and third President
of the United States. Introductory textbooks often discuss the archaeological contributions of
Jefferson as he excavated one of the mounds on his property (Buikstra and Beck 2006; Jefferson
1853; Renfrew and Bahn 2007). In the course of his research, he also contributed one of the
earliest systematic observations of ancient excavated skeletal materials in an attempt to better
understand the lives of the people buried within the mound. Arguably an early bioarchaeologist,
he utilized burial context, stratigraphy, taphonomy, and morphological observations to conclude
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that the mounds were the burial places for the local Native American settlement (Buikstra and
Beck 2006; Jefferson 1853).
Throughout the nineteenth century, other scientists were busy conducting work on cranial
studies and race, providing a substantial amount of descriptive work with little analysis save for
classification and typological studies. Samuel G. Morten (1799-1851), a highly respected
physician and scientist in Philadelphia, contributed to early anthropology through his work on
cranial studies (Buikstra and Beck 2006; Gould 1996; Little and Sussman 2010). During his
professional career he collected more than 700 crania and produced Crania Americana, a treatise
on the physical diversity of indigenous peoples from North and South America. As the century
progressed, physical anthropology continued to be dominated by studies of anatomy, craniology,
skeletal biology, human origins, evolution, and race. The majority of physical anthropologists
were trained as anatomists or physicians, with their main scientific endeavors focused on using
osteometric measurements and morphological observations to apply typological studies to
concepts of race, with a few exceptions.
Joseph Jones (1833-1896) conducted some of the earliest work focused on the history of
disease, identifying syphilis in pre-Columbian remains and marking the beginning of
investigations into the origins of disease, a topic that paleopathologists continue today (Cook and
Powell 2006; DeWitte 2014, 2016; DeWitte and Hughes-Morey 2012; Jones 1876, 1878; Powell
and Cook 2005). To inform his conclusions, Jones utilized gross morphological observations,
microscopic thin sections, and applied hydrochloric acid to determine the relative age of the
burials (Buikstra and Beck 2006).
Another nineteenth century medical doctor, Washington Matthews (1843-1905)
synthesized archaeological data, ethnographic information, and oral traditions with analysis of
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ancient human remains as part of his collaborative work with the ethnoarchaeologist Frank
Cushing (Buikstra and Beck 2006; Cushing 1890; Matthews 1893). Many of the skeletal remains
Matthews analyzed were excavated as part of the Hemenway Southwestern Archaeological
Expedition (1886-1888) directed by Cushing, one of the earliest archaeological research projects
that included physical anthropologists as part of an interdisciplinary team (Buikstra and Beck
2006:96). The excavated remains were sent to the Army Medical Museum in Washington, DC
for further analysis by Dr. Matthews. In his final report (Matthews 1893), Matthews included
information on the archaeological excavations and tested the alleged links of the skeletal
population to Peruvian populations using the presence of the so-called ‘Inca-bone’ (ironically
finding that the Arizona skeletal population had more ‘Inca bones’ than the Inca). Matthews and
colleagues also used measurements in sex estimation, considered the impacts of cradle boarding
on cranial shape and development, and discussed the effects of environment and culture on tibial
medio-lateral flattening, as opposed to other biomechanical interpretations.
Throughout the 19th century, and into the 20th, museums and other institutions actively
sought to acquire and curate human remains as a means to obtain information about the past
(Buikstra and Beck 2006). Many of the collections acquired during this period form the basis of
major bioarchaeological research in the 20th century. The Morten collection, mentioned above,
still survives today and is curated at the University of Pennsylvania. The skeletal remains from
the Cushing excavations, known as the Hemenway collection, were curated at the Army Medical
Museum. One of the best curated and catalogued collections is that of the Peabody Museum at
Harvard University and dates to the founding the Museum and its first curator Jeffries Wyman
(Buikstra and Beck 2006). T. Wingate Todd established a skeletal collection of several thousand
individuals and did substantial research on skeletal development in humans during his tenure at
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Western Reserve University (now Case Western Reserve University). The Robert J. Terry
Anatomical collection was started by Robert J. Terry in 1898 when he was a professor in the
Anatomy Department at Washington University in St. Louis (Hunt and Albanese 2005). When
he retired in 1941, his student Mildred Trotter took his place and continued efforts to grow the
collection, while also striving to gain a more balanced demographic representation. Today, the
collection is housed at the Smithsonian’s National Museum of Natural History and is comprised
of 1,728 individuals. Dr. W. Montague Cobb, the first African American biological
anthropologist and Chair of Howard University’s Anatomy Department began efforts in 1931 to
build a human skeletal collection that would aid in his efforts to “create a less racialized
perspective on human life and to show the impact race could have on the health of a person”
(The W. Montague Cobb Research Laboratory 2021). Today, the collection houses 699 defleshed individuals, 83% of whom are African America and represent life from the late
nineteenth to the mid twentieth century (Jackson and Cross 2015; The W. Montague Cobb
Research Laboratory 2021).
Physical anthropology in United States in the early part of the twentieth century was
dominated by two figures: Aleš Hrdlicka (1869-1943) and Earnest Hooten (1887-1954). Hrdlicka
conducted fieldwork in an attempt to gain information about the earliest occupants of the New
World, better understand human variability, and to gather collections for the Smithsonian
Institute (Buikstra and Beck 2006). Hrdlicka was passionate about increasing the size of the
collections for the Smithsonian and can be credited with amassing more than 15,000 human
skulls or skeletons at the time of his death. He saw large, well-documented collections of human
remains as a “cornerstone of the developing field of physical anthropology” (Buikstra and Beck
2006:75). Hrdlicka fought for professionalization of the field in the early 20th century. He
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founded the American Journal of Physical Anthropology (AJPA) in 1918 as a way to disseminate
ideas about physical anthropology and funded much of the early years with his own money
(Buikstra and Beck 2006; Little and Sussman 2010). He also was a principal organizer and the
first president of the American Association of Physical Anthropologists (AAPA) in 1930.
Earnest Hooton (1887-1954) spent his entire professional career at Harvard University,
beginning in 1913 (Buikstra and Beck 2006; Giles 1997; Little and Sussman 2010). Hooton’s
early work in physical anthropology contributed to craniology with his publication in the first
volume of the AJPA (1918). This work compared Viking remains from Iceland with crania from
the Eskimo, California, Chukchi, Italy, and Libya. Looking at frequencies of mandibular tori,
palatine tori, thickened tympanic plate, and sagittal keel, Hooton attributed similarities between
Icelanders and Eskimo to functional adaptation for chewing hard food (Hooton 1918:76).
However, Hooton is best known for his seminal work Indians of Pecos Pueblo (1930) in which
he analyzed crania in an attempt to understand variability seen in Native Americans and,
specifically, the population at Pecos Pueblo. Hooton sorted 129 male crania into seven distinct
groups based on gross morphology. These groups were then compared against one another and
crania from elsewhere in the Americas and the world. This work is landmark in that Hooton
combined archaeological and environmental data to view the way the crania changed over time
and suggested that the Americas were peopled through multiple migration events. Hooton also
examined the presence of disease in the population, viewing conditions such as trauma, dental
disease, and osteoarthritis across space and time, which he interpreted through the lens of a
changing environment, food preparation practices, diet, and the presence of infectious disease
(Grauer 2012b; Hooton 1930).
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Widely recognized for their contribution to archaeology, the New Deal relief programs of
the 1930s to early 1940s had a profound effect on physical anthropology, specifically the study
of human remains (Buikstra and Beck 2006; Jacobi 2002; Milner and Smith 1986). These
included the Civilian Conservation Corps (CCC) and the Works Progress Administration (WPA)
which employed both professional archaeologists and untrained civilians to conduct
archaeological excavations ahead of infrastructure projects being developed around the country
(Buikstra and Beck 2006; National Park Service 2018). Some of the largest and most intensively
studied skeletal collections originate to this period. Many of these collections were large and
well-documented (based on standards of the time), including excavation and provenience
information (Buikstra and Beck 2006). Field methods were improved, and efforts were made to
standardize terms to describe the burials and their archaeological contexts.
Some of the researchers were also interested in the way prehistoric people lived. For
example, Charles Snow (1943) took an interest in achondroplastic dwarves after two were
excavated from Moundville in Alabama. Researchers associated with New Deal physical
anthropology began asking questions about health in the past. According to William Webb
(1945) postcranial elements were also important in skeletal studies because they could aid in
identifying disease in the past and understanding the ways these diseases would affect people
without the mitigating effects of modern medicine. Unfortunately, these interests were rarely
followed through in research or reports, likely due to the fast pace of excavation and extremely
limited money for completing reports (Buikstra and Beck 2006).
The early part of the twentieth century saw several themes of inquiry, including studies of
race, eugenics, human origins, and human osteology/skeletal biology. Studies of race and
typology, such as those already discussed, continued to be of major interest through the middle
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of the century (Goodman and Leatherman 1998b; Little and Sussman 2010; Zuckerman and
Armelagos 2011). The use of anthropometric measurements, morphological observations, and
attempts to determine the origins and history of different groups were used to identify races.
These races were viewed as fixed entities with some being superior to others. The rise of Nazism
and institutional and genocidal racism in the 1940s, coupled with a race-based, pseudoevolutionary eugenics paradigm saw scientists begin to turn away from research on race in favor
of populational studies with an emphasis on biology and culture utilizing methods, data, and
theoretical orientations from across disciplines (Armelagos 2003; Zuckerman and Martin 2016;
Zuckerman et al. 2012).

4.2. The “New” Bioarchaeology: The Development of the Biocultural Approach
The middle of the twentieth century saw a number of research projects directed toward
moving physical anthropology out of its typological foundation and into a more contextual
approach. The “populational approach” was introduced to biological anthropology with the
“Origins and Evolution of Man” symposium held at the Cold Springs Harbor Biological
Laboratory and its subsequent proceedings (Warren 1951). This approach allowed researchers to
consider diseases in their broader biological and social context (Zuckerman et al. 2012).
Concurrently, Sherwood Washburn composed two publications proposing a “New Physical
Anthropology” (1951, 1953) which sought a redirection into a synthetic, theory-drive research
model founded on hypothesis testing and models of evolution and adaptation. Washburn sought
to push the field to be more multidisciplinary and viewed biology, behavior, and history as
inseparable. In the intervening years, physical anthropologists have increasingly adopted
Washburn’s view and seek to produce integrated, multidisciplinary, theory driven research
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focused on biological and cultural questions (Fuentes 2010). To this end, many have sought to
reclassify the field as Biological Anthropology, and a recent vote has officially changed the
name of the American Association of Physical Anthropologists to the American Association of
Biological Anthropologists (American Association of Physical Anthropologists 2018).
At the end of the 1950s, Livingstone published a landmark research paper widely
regarded as one of the first biocultural works in physical anthropology (Dufour 2006;
Livingstone 1958; Zuckerman and Martin 2016). In his work, Livingstone discussed the links
between the adoption of agriculture in Africa, the protective effects of sickle cell anemia on
malaria, population growth, and mosquitos as disease vectors. He demonstrated that selection for
the sickle cell anemia trait was highest in regions with higher number of Anopheles mosquitos,
the type that carry the plasmodium parasite that causes malaria. The study conceptualized the
‘environment’ as more than just external physical conditions and viewed deep time to address the
entanglement of humans with their environment. Livingstone’s study inspired a number of
studies on human adaptability, including genetic adaptation, nongenetic acclimatization
responses, and phenotypic plasticity to environmental and cultural influences (Zuckerman et al.
2012).
Research conducted in the 1960s saw the beginnings of a significant paradigm shift
throughout anthropology which would form the foundations of evolutionary thought and the
biocultural approach in physical anthropology and, subsequently, bioarchaeology and
paleopathology (Cook and Powell 2006; Goodman and Leatherman 1998b; Zuckerman et al.
2012). Studies continued to move toward population-level analysis and viewed the cultural,
biological, and physical components of the human environment in a holistic way, using them as a
means to better understand the way in which the environment influenced human behavior and
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biology. Studies combined archaeological, ethnographic, historical, and human skeletal data to
interpret diachronic differences in demography and changes in nutrition, trauma, infectious
disease, and dental health in populations. The development of the processual approach in
archaeology allowed for an empirical and ecological approach to examining the adaptive links
between culture and environment (Binford and Binford 1968). The processual approach
emphasized hypothesis testing and sought to create general principles of adaptation that could be
applied to both archaeological and contemporary cultures (Armelagos and Van Gerven 2003;
Zuckerman et al. 2012). Biological anthropology utilized a four-field anthropological orientation
to address adaptive and evolutionary questions in a cross-cultural setting (Goodman 1998;
Goodman and Leatherman 1998b; Zuckerman et al. 2012). Skeletal biology and paleopathology
provided a deep time perspective to understanding the adaptive process (Armelagos and Van
Gerven 2003; Zuckerman et al. 2012).
Bioarchaeology in particular took shape after the development of the processual approach
thanks in large part to the ability to use scientific principles and focus on ecological explanations
(Binford and Binford 1968; Martin et al. 2013). Bioarchaeologists had, and continue to have, a
commitment to scientific inquiry, using multiple methodologies and interdisciplinary approaches
to address testable hypotheses. Bioarchaeology allowed for combining interests in evolutionary
change with concerns for various adaptive problems, especially for populations living in limited
and difficult environments (Buikstra and Cook 1980; Goodman et al. 1988; Larsen 1987).
Research questions focused on how humans were able to survive and adapt to environmental
stressors. Evidence of health and disease were viewed as indicators of biological outcomes of
adaptive processes.
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The biocultural approach advanced in anthropology between the 1960s and 1980s in
response to the New Physical Anthropology, processual archaeology, and the ecological
approach (Goodman and Leatherman 1998a; Zuckerman and Armelagos 2011; Zuckerman et al.
2012). The biocultural approach emphasizes the dynamic interactions between humans and their
cultural, social, and physical environments, specifically in regard to human adaptation. The
approach accounts for the ways in which a society’s technology and social systems could
generate biological outcomes, such as patterns of disease (Zuckerman and Armelagos 2011;
Zuckerman et al. 2012). In paleopathology, researchers utilized the biocultural approach in a
myriad of ways, including the examination of the effects of undernutrition on skeletal
morphology, arthritis, and trauma. Bioculturally-centered paleopathology focused on patterns of
pathologies to reveal the effects of social, ecological, and political processes on health within and
between populations (Blakely 1977a, 1977b; Buikstra 1977; Robbins 1977; Wolf 1977). One of
the strongest influences on this type of research was the recognition of physiological stress
indicators on the skeleton (Buikstra 1991; Steinbock 1976).

4.3. The Stress Concept and the Osteological Paradox
During the final quarter of the twentieth century, the wide range of influences on
bioarchaeological research had created a field that was inherently anthropological, evolutionary,
and ecological (Zuckerman and Armelagos 2011). This broader bioarchaeology became
increasingly focused on questioning and documenting patterns of undernutrition, disease, and
decreased resilience to biological insults with a primary focus on human adaptation. Much of this
research was facilitated by the recognition and analysis of skeletal stress markers (Buikstra
1991). First documented in the 1970s (Steinbock 1976), skeletal stress indicators were combined
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into a systemic “stress concept” gleaned from human biology (Ice and James 2012; Selye 1936,
1950, 1956; Temple and Goodman 2014; Zuckerman et al. 2012). Defined by Selye (1956) as a
non-specific hormonal response of the body to a variety of stressful stimuli, it is still used today
as the physiological definition of what happens when our bodies are knocked out of homeostasis.
Selye showed that a diverse range of stressors activate general physiological and hormonal
processes. Long lasting and chronic stress become a mechanism by which individuals might
become ill (Temple and Goodman 2014).
In the 1970s, scholars began to integrate the study of the general stress response into
biological anthropology. This area of inquiry received much attention from bioculturallyoriented researchers focused on examining patterns of pathologies within populations to
understand the effects of social, ecological, and political processes on health within and between
populations (Shuler 2005a; Temple and Goodman 2014; Zuckerman et al. 2012). During this
period, the field of bioarchaeology emerged and provided researchers with an official field in
which to pursue their questions concerning human skeletal remains and their mortuary and
cultural contexts (Buikstra 1977; Temple and Goodman 2014). Skeletal stress indicators
provided a way to indirectly observe the traces that many diseases and nutritional inadequacies
left in the skeleton and dentition thus providing a new means to study human/environment
interactions, the lived experiences of past people, and the effects of cultural practices (Buikstra
and Cook 1980; Cohen and Armelagos 1984; Goodman et al. 1988; Shuler 2005a; Temple and
Goodman 2014).
By the 1970s and 1980s, skeletal stress markers were used as part of a suite of indicators
in population-level analyses looking at adaptive responses to agricultural intensification on
prehistoric human health (Armelagos 2003; Cohen and Armelagos 1984; Cohen and Crane-
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Kramer 2007). Agriculture was assumed to be beneficial to farmers; however, early studies
found conflicting results indicating populations that adopted intensified agriculture were
experiencing increased rates of infectious disease and nutritional deficiencies (Armelagos 1969,
2003; Lallo et al. 1978). The “Paleopathology at the Origins of Agriculture” symposium held in
Plattsburg, New York gathered together researchers to discuss case studies analyzing the health
of nineteen populations that experienced the transition to agriculture (Cohen and Armelagos
1984). A number of important findings came from this symposium, including: the recognition
that infectious disease increased with the onset of sedentism; there were rapid and significant
increases in infectious and nutritional diseases with agricultural subsistence; a synergistic
relationship existed between nutritional and infectious diseases; there existed an earlier onset of
degenerative joint disease, an increase in trauma, and changes in growth patterns as evidenced by
enamel defects; and the change in subsistence practices was coeval with a reduction in birth
spacing resulting in considerable biological costs to certain segments of the population,
especially women of reproductive age, infants, and children (Armelagos 2003).
Application of stress models to prehistoric populations can provide a deep time
perspective to the study of adaptation that may not be available in contemporary or historic
studies (Goodman et al. 1988). Goodman and colleagues (1988; 1984) successfully applied a
stress model to archaeological questions by illustrating the way stressors affect the individual’s,
and thus the population’s, adaptation. They describe the environment as the source of resources
necessary for survival, as well as one source of stressors that may adversely affect the
population. Cultural systems are potentially able to provide resources and a buffer from
environmental stressors, but may not always be effective, and may create additional or new
stressors. They go on to state that if stressors are not buffered by social practices, there will be a
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need to respond on a biological level through a physiological disruption event (Goodman et al.
1988; Goodman et al. 1984). A physiological disruption/stress response can manifest in a
number of locations and severity levels. Soft tissues tend to be the first tissues affected while it
takes a severe and/or response of long duration for skeletal tissues to be affected (Goodman et al.
1988:177) The consequences of stress experienced by the individual depend on a number of
factors, including genetic susceptibility, age, sex, and resiliency.
However, the use of skeletal stress models was not without critique. Wood et al. (1992),
outlined some conceptual problems found in the field of paleopathology in their seminal article
titled “The Osteological Paradox.” The first of these problems, labelled demographic
nonstationarity, discussed the fact that populations do not remain the same through time. They
are subject to migration, changes in fertility and mortality, etc. Prior to this point in time,
paleopathologists were treating populations as if the demography of the population stayed
stagnant throughout the span of the cemetery. The second problem, selective mortality, pointed
out that at no point in time do paleopathologists have a sample of all the individuals who were at
risk for disease or death at a given age. Instead, we only see those who died at that age. In the
third problem, hidden heterogeneity in risks, the authors pointed out that the population from
which a skeletal series is drawn was comprised of an unknown mixture of individuals who varied
in their levels of frailty, defined as the individual’s susceptibility to death and disease (Wood et
al. 1992:345).
Wood and colleagues then went beyond these three problems to discuss the way in which
osteological assemblages are interpreted through the paleopathological lens of ‘health.’
Previously, paleopathological research had relied on the commonsense suggestion that there
should be a direct association between aggregate level measures of health and the risk of illness
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and death experienced by individual members of a population. However, the authors point out
that this interpretation may be more difficult than it appears. They use the example of Linear
Enamel Hypoplasias (LEH) to support their argument stating that individuals who display LEH
survived the stress episode and resumed growth. Therefore, when we interpret the growth of
lesions in the skeleton as poor health and the absence of lesions as good health, what we may in
fact be seeing are individuals who survived their stress episodes long enough to grow lesions and
also individuals who did not survive their stress episodes. Finally, Wood and colleagues discuss
three ways in which paleopathologists can seek to clarify the complex relationship between the
health of a community and the characteristics left behind on the skeletons: research heterogeneity
in frailty in modern populations, understand how a given frailty distribution is related to risk of
death in individuals, and seek to better understand the role of culture in the determining
heterogeneous frailty.
The publication included a number of comments by prominent biological anthropologists
(see Wood et al. 1992:358-367). Comments centered around the impact of the article on
bioarchaeological and paleopathological research and had mixed responses to the points made by
Wood and colleagues, although most were willing to consider the arguments laid out and what
they meant for future research. Leslie Eisenberg (Wood et al. 1992:359-360) stated that the
argument made by Wood and colleagues concerning the individual’s ability to survive the
stressor and thus live long enough to display a bony response is an important one and she
advised researchers to make an explicit analytical distinction between active and healed lesions
to aid in making the best interpretations. Dale Hutchinson (Wood et al. 1992:360) saw the
argument as valid, but felt that much of the work fell outside the purview of biological
anthropologists. M. Anne Katzenburg praised the points made by Wood and colleagues and
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agreed that more research surrounding the causes of skeletal lesions would greatly benefit
interpretations. She further agreed with the authors that the best approach moving forward was to
provide alternative explanations of the data sets. This call for providing alternative explanations
would, arguably, become the dominant theme of researchers citing the Osteological Paradox
(discussion below).
Mark N. Cohen provided perhaps the most critical comments (Wood et al. 1992:358359), which may not be a surprise since his research was directly discussed by Wood and
colleagues as being potentially problematic (Cohen 1989; Cohen and Armelagos 1984). Wood
and colleagues challenge several of the claims made by Cohen concerning the observed trends in
skeletal data collected from populations spanning the origins of agriculture and the rise of
civilization. The authors suggested that the conclusions drawn by Cohen are “possibly, but not
necessarily, accurate” because the data could be interpreted in a number of ways (Wood et al.
1992:358). Cohen responded by stating that the conclusions drawn in the articles being critiqued
were derived from multiple lines of evidence, not just the skeletal remains. Cohen then went on
to provide several examples supporting the conclusions and states his own concern with the
article by Wood and colleagues. He argued that the questions raised by Wood and colleagues
potentially undermine the emerging reevaluation of pro-state or procivilization bias and reminds
readers that all conclusions drawn from skeletal data should be viewed skeptically.
The response to the Osteological Paradox in bioarchaeological and paleopathological
research can perhaps best be seen by later discussions of its impact. Approximately a decade
after the publication of the article, Wright and Yoder (2003) published a contribution describing
the progress made in paleopathological research in regards to the Osteological Paradox. In it,
they review recent progress in bioarchaeology, including efforts to more precisely estimate
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demographic information, research on biodistance as a key strategy to reveal hidden
heterogeneity, and the use of stable isotope analysis to elucidate dietary change throughout the
lifespan. In a similar vein to Wood and colleagues, Wright and Yoder conclude their article with
a call to paleopathologists to continue efforts to clarify the relationship between health and
skeletal markers. Wright and Yoder are especially interested in the clarification of disease
processes, including the process of lesion formation, and more accurate identification of the
etiology of pathological skeletal markers.
More recently, a second article has been published discussing the progress in
paleopathological research concerning the Osteological Paradox titled “The Osteological
Paradox 20 Years Later: Past Perspectives, Future Directions” (DeWitte and Stojanowski 2015).
In this article, the authors analyzed a subset of all publications that cite “The Osteological
Paradox” in order to determine how paleopathological research is utilizing the article. The
authors found that the paradox was cited frequently, implemented infrequently, and directly
addressed very rarely, often being treated as a post-hoc explanation or framework and not as a
topic worth study in and of itself. They then go on to discuss the call by Wood and colleagues to
utilize simple societies and simple sites as a way to minimize the impact of heterogeneous frailty
on inferences of health in past populations. As bioarchaeologists, this is one part of the paradox
that falls within the purview of our research, but it is difficult to find sites and collections that
meet these requirements. Again, the authors end their article with three suggestions to guide
research for paleopathologists interested in addressing the Osteological Paradox: a
multidisciplinary approach to bioarchaeology that emphasized cultural context and researches
heterogeneity of frailty as a focus; a focus on sites with a straightforward chronology to better
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understand intrasite patterns of variation; and directly addressing heterogeneous frailty and
selective mortality at the research design stage.
Since the publication of DeWitte and Stojanowski’s article, research has continued to
reference “The Osteological Paradox” (Wood et al. 1992) while not actually addressing any of
the problems raised (Schug 2016; Sparacello et al. 2016). However, some bioarchaeologists and
paleopathologists have sought to directly address the issues. An excellent example can be seen in
the work of Sharon DeWitte (2009, 2014, 2016) whose research on the plague utilizes controlled
contexts of plague cemeteries to attempt to control for demographic nonstationarity and provide
a clearer account of other factors, such as age, sex, and health status. In another example, Haagen
Klaus (2014) attempts to account for heterogenous frailty by utilizing data from epidemiology to
better understand the number of people in a population who are affected by a disease versus
those who display skeletal lesions (see also Boldsen and Milner 2012). In their research,
Marklein and colleagues (2016) address heterogenous frailty in skeletal populations through the
creation of a skeletal frailty index (SFI) based on models of frailty used to evaluate stress and
health of modern populations. While not directly addressing a call made by Wood and
colleagues, it is important to note that a number of bioarchaeologists and paleopathologists
utilize a differential diagnosis approach that seeks modern clinical data to identify and discuss
possible diseases in the past (Binder et al. 2016; Klaus 2016; Komar and Buikstra 2003).
Aside from the Osteological Paradox, other researchers have critiqued the use of stress
indicators in bioarchaeological research. Specifically, Temple and Goodman (2014) argue that
“health” in populations may not be represented by skeletal lesions due to the way skeletal
indicators of stress differ from evaluations of “health” in living communities. They state that
bioarchaeologists are not measuring health, but instead examining stress within a community.
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Reitsema and McIlvane (2014) further support this by arguing that definitions of health in
bioarchaeological research are too vague and often end up focusing solely on stress to the
exclusion of broader health questions. The World Health Organization defines ‘health’ as “a state
of complete physical, mental, and social well-being and not merely the absence of disease, or
infirmity” (World Health Organization 2008), a holistic concept that encompasses elements of
daily life and community interaction (Reitsema and McIlvaine 2014). On the other hand, ‘stress’
is defined as a “physiological change caused by strain on an organism from environmental,
nutritional, and other pressures, and is a useful proxy for estimating some aspects of past health”
(Reitsema and McIlvaine 2014:181).
Temple and Goodman (2014) go on to state that recent research is not evaluating health
and argue that skeletal indicators of stress and disease “represent disruptions to physiological
homeostasis at particular points of development, but do not necessarily act as a cumulative health
index” (2014:190). The authors then offer three ways that bioarchaeological research can begin
to address these problems: they argue that skeletal indicators of stress are one facet of “health”
and the impact of these processes on human life history and individual perception must also be
considered; bioarchaeological research must incorporate knowledge from human biology and
primatology in order to understand the physiological mechanisms of stress and disease, instead
of solely focusing on prevalence of skeletal stress indicators; and context must be considered for
the impact of stress on the population to be fully understood.
This project seeks to better understand the consequences of stress on the bodies of the
individuals of Elmina by utilizing skeletal biomarkers to assess the way cultural change may
physically manifest in the skeleton; such as potential signs of malnutrition as evidenced by
porosities in bone or hypoplastic enamel defects, decreased stature as an indicator of increased
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stress, signs of infections from urbanization (such as tuberculosis), changes in work patterning
such as that seen through osteoarthritis and rotator cuff disorder, and signs of trauma reflecting
changes in work practices and/or interactions with Europeans. The use of osteological data
provides a unique means to observe some of the effects of health disruption and cultural changes
within the population.
Subdividing the population into smaller groups based on social divisions, such as age,
sex, and social group affiliation (i.e. slave, fisherman, etc.) would allow differences in patterns of
health and pathology to be viewed within and between the population(s) of Elmina, thus
allowing for a better understanding of the variable effects of changes in culture, politics, and
power on human biology. The project will focus on biomarkers incorporated into the Skeletal
Frailty Index (Marklein et al. 2016), but any additional signs of health and stress will be recorded
and discussed. The Skeletal Frailty Index provides an excellent baseline from which to compare
intragroup samples and upon which additional discussions can be built. A biocultural
bioarchaeology is uniquely poised to aid research in addressing questions surrounding the ways
in which contact and interactions with Europeans differentially affected health at Elmina due to
social, cultural, and political changes and the way these altered access to resources for various
subgroups.
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Chapter 5. Skeletal Markers of Stress and Disease
When faced with stressors, the skeleton responds in one of three ways: by depositing
bone, by removing bone, or a combination of the two (Goodman et al. 1988; White et al. 2011).
Julius Wolff, a German surgeon, observed that bone is a living structure that changes its shape
during life (cf. White et al. 2011). He formulated a ‘law’ stating bone is deposited where it is
needed and removed from where it is not. The concept of plasticity provides a framework for
archaeologists to compare and contrast human groups through skeletal responses to stress,
disease, and trauma. Physiological stress results in biological and skeletal indicators that can
occur as growth arrests, disease, or even death (Goodman et al. 1984). Growth disruption can be
detected through a number of dental and skeletal indicators including enamel hypoplastic
defects, Harris lines, bone diaphyseal length (stature), and cortical bone thickness and area.
Nutritional indicators can be observed in the form of porotic hyperostosis and cribra orbitalia,
and a variety of lesion patterns. Other stressors may be observed in the form of trauma,
osteoarthritis, Schmorl’s nodes, and patterns of infectious disease, including generalized
infectious disease indicators such as periosteal reactions and osteomyelitis. Many skeletal
indicators can only be identified through the process of a careful differential diagnosis. It is not
within the scope of this paper to review every skeletal indicator of disease; therefore, a selection
of diseases relevant to West Africa and the most commonly encountered macroscopic skeletal
stress indicators will be discussed.

75

5.1. Health, Sickness, and Death on the Gold Coast
As the documentary record is selective and inconsistent with regard to local populations
in West Africa, observation of changes in the skeleton related to the health of the local
inhabitants provides some of the only evidence of infectious disease both endemic to the region
and transported by Europeans and the associated trade systems. It also provides a means to
observe evidence of environmental and cultural changes and effects, such as the potential effects
of a changing diet, trauma from accidents and warfare, and differences in health between groups.
An analysis of health and infectious disease at Elmina allows for a more accurate understanding
of the lives of the local population, the struggles they faced on a daily basis, and the ways in
which this changed with the arrival of Europeans on the coast and the establishment of the transAtlantic trade system.
West Africa has been described as the ‘white man’s grave” in many early historical
accounts (Bosman 1705; Brooks 2003; Curtin 1961; Curtin 1968, 1990, 1998; DeCorse 2021;
Hair 1994; Weiss 2018). At Elmina, reports of sickness and death began almost as soon as trade
commenced, certainly prior to the construction of Elmina Castle (Hair 1994:4). When planning
the mission to construct the fort, the Portuguese King’s Council opposed construction at least
partially due to the ill-health and death suffered by Europeans (Hair 1994:12). Once construction
commenced, men began to fall sick within a few weeks. This initial period in the tropics was
known as the ‘seasoning time’ and represented contact and adjustment with a new disease
environment (Curtin 1961; Feinberg 1989:38). It was during this period that most deaths are
estimated to have occurred. Potentially deadly diseases encountered by Europeans would have
included insect-borne illnesses such as malaria, trypanosomiasis, and yellow fever, as well as
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fevers, fluxes, distempers, and dysenteries (Akyeampong 2006; Curtin 1961; Davies 1975; Hair
et al. 1992; Hoeppli 1969; Lind 1768).
Those that survived the seasoning time acquired an immunity to some of the diseases and
many were able to live for years, even decades, in the region. Curtin (1964:71-87) estimated that
between twenty-five and seventy-five percent of Europeans were ‘stricken’ during their first year
in Africa with many dying as a result. Feinberg (1989:36-38) estimates that approximately one
out of every five employees of the West India Company died annually between 1719 and 1760.
The death rate varied by year with a peak of 40.8% in 1720 and a low of 9.1% in 1746.
Similarly, Davies (1975) reports a 25.2% death rate of Royal African Company (English)
workers on the Gold Coast between roughly 1694 and 1707 with a 54% death rate within the first
year, which he reports to be better than rates at other English forts on the coast of West Africa
(Davies 1975:75).
While there are significantly fewer sources discussing the health of local Africans, Hair
(1994:95) argues that they were likely infected with European diseases such as the common cold
and flu, and Akyeampong (2006) further identifies measles, rubella, and chicken pox as diseases
introduced to West Africa through the Atlantic trade system. Defoe (2012:190-191) and Bosman
(1705:110) both report European sailors bearing evidence of the “Veneral Taint” and “Veneral
Distemper,” respectively (venereal syphilis). Despite the introduction of an array of diseases,
Mitchell (2005:201-202) argues that contact with Europeans did not lead to massive epidemics
due in large part to the contact of West Africa with other parts of the world via widespread preAtlantic period trade routes.
The local population was also susceptible to endemic tropical diseases, especially infants
and young children who did not have immunity against them (Brooks 2003). Bosman (1705:108)
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reports that two of the chief ‘distempers’ among the indigenous peoples were smallpox and
“Worms,” while Curtin (1961:97) cites malaria, yellow fever, and dysentery as major killers.
Brooks (2003:306) states that during the rainy season, a third of the ‘black poor’ died from
malaria and dysentery. de Marees, a Dutchman, describes the main diseases afflicting the
inhabitants of the Gold Coast in 1602 as pox, the clap, gonorrhea, and worms (1987:173), with
the latter likely referring to the Guinea worm (Dracunculus medinensis). Lind (1768:55)
describes the worms as a white, round parasite that lives between the muscles or under the skin
of a human host. These ‘Guinea worms’ were removed by slowly and carefully drawing the
worm out, sometimes over days, until the entirety of it had been pulled out. Barbot recounts
having seen a worm removed from an individual that was “almost two turns around the waist” in
length (Hair et al. 1992:575).
Other endemic diseases included trypanosomiasis (sleeping sickness), ochocociasis, and
yaws. In addition to infectious disease, a variety of other factors contributed to health and death
on the coast of West Africa, including droughts and famine (Akyeampong 2006; Boxell 2019;
Brooks 2003; Hair et al. 1992), warfare (Bosman 1705; Brooks 2003; Feinberg 1989; Hair et al.
1992), and accidents. The discussion that follows does not seek to list and discuss every possible
cause of death in West Africa during the period of Atlantic trade, but to highlight a few main
causes and those that can potentially affect the skeleton.

5.1.1. Infectious Diseases in trans-Atlantic Period West Africa
Mosquito borne illnesses represent some of the diseases most frequently encountered by
Europeans and Africans in West Africa, although early accounts did not relate the rise in illness
to mosquitos, instead attributing it to the rainy season (Brooks 2003; Curtin 1961; Hair et al.
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1992; Lind 1768). Malarial infection is caused by a parasite belonging to the genus Plasmodium
and is transmitted through the bite of a female Anopheles mosquito (National Institute of Allergy
and Infectious Diseases 2020). There are four species of Plasmodium that are known to infect
humans: P. falciparum, P. malariae, P. ovale, and P. vivax. Depending on the species and strain,
malarial infections can vary greatly in their symptoms, virulence, and duration, with P.
falciparum being the most virulent followed by P. vivax. Anopheles mosquitos live in moist, wet,
and humid areas near open water sources. Malaria is most commonly found in tropical and subtropical areas where the climate is characterized by warm temperatures, high annual rainfall, and
high humidity (Centers for Disease Control and Prevention 2020a; National Institute of Allergy
and Infectious Diseases 2020). P. falciparum, often referred to as tropical malaria, is most highly
concentrated in sub-Saharan Africa (Centers for Disease Control and Prevention 2020a). While
the origins of malaria are currently being debated, at least one species (P. falciparum) is
generally recognized as originating in Africa, and most likely tropical West Africa (Livingstone
1958; Smith-Guzmán 2015a, 2015b). In his landmark paper (discussed previously), Livingstone
(1958) suggested that falciparum malaria existed in tropical West Africa, reaching endemic
levels with the advent of slash-and-burn agriculture (2000-4000 y.a.). This form of agriculture
created pools of water in which higher populations of Anopheles mosquitos could breed.
Individuals who contract malaria are likely to display intermittent fevers, headaches, chills,
sweats, nausea, respiratory distress, and severe anemia (Masterson 2014; Schaeffer 2019). In
addition, malaria has a strong indirect effect on mortality due to its synergistic effect with other
diseases (Smith-Guzmán 2015b).
Human African Trypanosomiasis, better known as sleeping sickness, is caused by the
microscopic parasite Trypanosoma brucei and can be transferred to people when bitten by a
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tsetse fly and found only in sub-Saharan Africa (Centers for Disease Control and Prevention
2020b; World Health Organization 2020a). There are two species of T. brucei: T. b.
rhodensiense, which is endemic to East Africa and displays a quick onset, progression through
the disease, and death; and T. b. gambiense, the strain found in West Africa and marked by a
much slower progression through the disease, with the possibility of living for years, even
decades, with the disease. Infection occurs in two stages: the first stage is noted by parasites in
the blood and lymphatic systems and is characterized by symptoms of fatigue, fevers, headaches,
and muscle aches. The sleep/wake cycle becomes reversed with infected sleeping during the day,
thus the moniker ‘sleeping sickness.’ The second stage occurs when the parasite enters the
central nervous system and is characterized by mental, motor, and sensory disturbances,
including confusion, hallucinations, gait disturbance, tremor, and visual problems. If left
untreated, it can cause death. The exact history of the Trypanosoma parasite is not yet fully
understood, but research suggests it has been around for millions of years and likely played an
important role in early hominid evolution (Steverding 2008; Welburn et al. 2001). Humans are
resistant to all trypanosome species except for T. brucei spp. Sleeping sickness was well-known
to visitors of sub-Saharan Africa with written descriptions appearing as early the 14th century,
particularly from Arabian writers and early Portuguese explorers (Lyons 1991; Steverding 2008).
In fact, slave traders would reject Africans displaying the characteristic swollen cervical glands
of sleeping sickness because of the high death rates associated with the disease.
Hookworm are soil-transmitted helminths (parasitic worms) that live in the small
intestines (Centers for Disease Control and Prevention 2020c; Cristol 2020). They belong to the
family Ancylostomatidae with Necator americanus and Acylocstoma duodenale the two major
nematodes affecting humans (Brooker et al. 2004; Centers for Disease Control and Prevention
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2020c). Hookworms are found in warm, moist environments around the world, including Africa.
Globally, hookworms infect an estimated 576-740 million people (Centers for Disease Control
and Prevention 2020c) including approximately 120 million in sub-Saharan Africa (Orr et al.
2019). People from poor, rural areas and those engaged in agricultural pursuits (particularly
when using human fecal fertilizer) exhibit the highest rates of infection. Hookworms infect
humans through either penetration of the skin via contact with infected soil or through ingestion.
Hookworm eggs are excreted in the feces of an infected person and deposited in the soil. These
eggs can then mature and hatch which release larvae into the soil. When a human walks barefoot
in infected soil (or encounters infected soil in another way) the larvae may penetrate the skin of
the individual. The larvae then travel to the small intestine where they latch and mature. Most
humans infected with hookworms do not exhibit any symptoms from hookworm infection, but
some symptoms have been recorded, including gastrointestinal issues and blood loss leading to
anemia and protein deficiency (Brooker et al. 2004; Centers for Disease Control and Prevention
2020c; Layrisse and Roche 1964)
Schistosomiasis is a tropical disease caused by certain species of blood flukes (trematode
worms) of the genus Schistosoma (Centers for Disease Control and Prevention 2019a; World
Health Organization 2021). The three main species that infect humans are S. haematobium, S.
japonicum, and S. mansoni. Transmission of Schistosoma occurs when people afflicted with
schistosomiasis eliminate Schistosoma eggs with their feces or urine into freshwater. The eggs
then hatch and release miricadia which swim and penetrate snails. The larval form of the parasite
is then excreted by the snail and penetrates the skin of humans who are exposed to the infected
water. Schistosomiasis is endemic to tropical and subtropical areas, especially sub-Saharan
Africa where 93% of the world estimated 207 million cases occur (Adenowo et al. 2015),
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including an estimated 280,000 deaths per year in the region .(MacDonald and Pearce 2002:499)
The majority of those infected are children with a peak between 8-15 years (Gryseels et al.
2006). Schistosomiasis primarily affects poor and rural communities, particularly those with
agricultural- and fishing-based subsistence practices, although urban areas can be affected when
infected people migrate to the settlement bringing the parasite with them. Symptoms of
schistosomiasis vary based on its location in the body (i.e. bowels, urinary tract, reproductive
tract) and include blood in the urine, blood in stool, abdominal pain, diarrhea, liver enlargement,
fluid accumulation in the peritoneal cavity, anemia, and growth stunting. Whole genome
resequencing indicates S. mansoni originated in East Africa between 107.5-147.6 kya and spread
across the continent during the Holocene (Crellen et al. 2016). It has been recovered
archaeological in multiple areas around the world, including Africa, although not yet in West
Africa (Anastasiou et al. 2014; Hibbs et al. 2011).
Meningitis is a serious infection of the meninges, the three membranes that cover the
brain and spinal cord (Kwarteng et al. 2017; Lights and Boskey 2019; WebMD 2020; World
Health Organization 2020b). It has many different causes, including bacteria, fungi, viruses,
cancer, trauma (especially head injuries), syphilis, and tuberculosis. Globally, the most common
cause of meningitis is bacterial infection. Several different types of bacteria can cause
meningitis: Streptococcus pneumoniae, Haemophilus influenzae, and Neisseria meningitidis are
the most common, with N. meningitidis the one most likely to produce large epidemics in the
modern world. The greatest amount of meningococcal meningitis cases today occur in an area
known as the meningitis belt, an area of sub-Saharan Africa which stretches from Senegal in the
west to Ethiopia in the east and includes the northern portions of modern-day Ghana. The most
common symptoms are stiff neck, high fever, headaches, and vomiting. Even with early
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diagnosis and treatment, 5-10% of patients die, typically within 24-48 hours after the onset of
symptoms (World Health Organization 2020b). Epidemics of meningitis have occurred regularly
in Ghana since the early 1900s (Kwarteng et al. 2017; Omeh et al. 2017), but it is currently
unknown when meningitis first appeared there. Descriptions of an illness matching
meningococcal meningitis were first recorded in the 16th century; however, it is Viesseux’s
descriptions in Geneva, Switzerland in1805 that are considered the first definitive identification
of the infection. In 1884, an oval micrococcus discovered in a sample of cerebrospinal fluid
(CSF) was described by an Italian pathologist and in 1887, the first meningococcal bacterium
was identified and named by an Austrian bacteriologist. The World Health Organization suggests
that meningococcus could have been introduced to sub-Saharan Africa through the Sudan via
pilgrims returning from Hajj around the turn of the century (Mohammed et al. 2017), but this
does not account for the possibility of meningitis in the region through other causes, such as
injury, fungi, other parasites and infections, and cancers. A paucity of research into health in
historic sub-Saharan Africa makes it impossible to know if meningitis occurred in the region
prior to known epidemics; however, recent archaeological research in other areas of the world
have shown the presence or possibility of meningitis, including meningococcal disease, prior to,
or around the time of, the earliest European recorded accounts (Eerkens et al. 2018; Schultz et al.
2007; Schutkowski et al. 1996), indicating that meningitis existed prior to the 17th century across
the globe. Considering the high rates of meningitis in sub-Saharan Africa today, I argue that it is
possible meningitis existed in this region prior to the turn of the 19th century.
The treponematoses are a group of four distinct, but related infections caused by some
form of the bacterium Treponema pallidum (Baker et al. 2020; Cook and Powell 2012; Giacani
and Lukehart 2014; Hackett 1963; Ortner 2003; Powell and Cook 2005), although new
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discoveries pertaining to genetics and epidemiology are bringing this model into question (Baker
et al. 2020; Cook and Powell 2012). Each of the four syndromes; pinta, yaws, bejel (endemic
syphilis), and venereal syphilis, is caused by a subspecies of the T. pallidum bacterium:
Treponema pallidum pallidum (venereal syphilis,) T. pallidum pertenue (yaws), T. pallidum
endemicum (bejel/endemic syphilis), and T. pallidum carateum (pinta) (Anastasiou and Mitchell
2013; Baker et al. 2020; Giacani and Lukehart 2014; Larsen 1997, 2018; Powell and Cook
2005). All treponematoses are transmitted via direct contact with infectious lesions and manifest
in multiple stages with a localized primary lesion appearing at the site of transmission,
dissemination of the bacteria throughout the body resulting in widespread lesions, latent
persistence during years of asymptomatic infection, and the possible development of a tertiary
stage characterized by destructive lesions of various organs and systems, including the skeletal
system. All except pinta can progress to cause destructive lesions of the skin, cartilage, and bone.
Early-stage lesions are highly infectious and can persist for weeks or even years. Tertiary
skeletal manifestations of yaws, bejel, and syphilis are all similar and include gangosa, goundou,
and saber shins. The endemic treponematoses are typically associated with specific geographic
and climatic zones and are transmitted primarily in childhood through skin-to-skin contact.
Venereal syphilis is globally distributed and transmitted primarily through sexual activity of
adults and adolescents. It can also cross the placenta from the mother to the fetus and has been
reported to be spread via touch/contact when exposed to bodily fluids. Clinical studies have also
demonstrated that transplacental transmission can occur in yaws and bejel, but this mode of
transmission occurs much less frequently in the endemic treponematoses due to transmission
primarily occurring in childhood, before the onset of sexual activity (Baker et al. 2020).
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Yaws occurs primarily in warm, humid, tropical climates, including Asia, Latin America,
and Africa, particularly sub-Saharan Africa. It is a chronic infection that chiefly affects skin,
bone, and cartilage. Yaws is typically transmitted through direct skin contact with an infected
person and affects mostly children: 75% of those infected are under 15 years of age, with a peak
between the ages of 6-10 years old (Giacani and Lukehart 2014; World Health Organization
2019b, 2020d). Those infected display an initial localized, primary lesion(s) occurring at the site
of transmission (Baker et al. 2020; Mitjà et al. 2013; Powell and Cook 2005), followed by the
spread of the pathogen throughout the body resulting in widespread lesions. If left untreated,
infected individuals then enter a period of asymptomatic latency that can last for years. A small
percentage may possibly develop late destructive lesions of various organs, including bone.
Today, venereal syphilis is found throughout the world and transmitted primarily through
sexual activity via direct contact with an infectious lesion (Baker et al. 2020; Giacani and
Lukehart 2014; Mayo Clinic Staff 2019a; Ortner 2003; Powell and Cook 2005), although it has
been shown to spread through non-sexual skin-to-skin contact. It is reported in West Africa as
early as 1705 when Bosman lists “Venereal Distemper” as a cause of illness among West
Africans (Bosman 1705:110). The disease first manifests in a localized primary lesion(s), called
a chancre, appearing at the site of infection. The bacteria then disseminate throughout the body
resulting in a widespread rash that may be accompanied by wart-like sores in your mouth or
genital area (secondary stage). These symptoms may disappear within a few weeks or reappear
and disappear for up to a year. Syphilis can then become dormant with years of asymptomatic
infection (latency), with the possibility that signs and symptoms may never return.
Approximately 15% to 30% of infected individuals who do not get treatment enter the tertiary
stage where the disease may damage your brain, nerves, eyes, heart, bones, and joints.
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Congenital syphilis is caused by the transmission of Treponema pallidum pallidum
transplacentally from the mother to the developing fetus causing fetal death followed by abortion
when occurring during the first half of the pregnancy, fetal death with delivery of a premature or
mature still born fetus, or delivery of a living infected infant (Larsen 1997; Ortner 2003; Powell
and Cook 2005). More rarely, the disease can be passed to the newborn during childbirth
(Ioannou and Henneberg 2016). If the infection is mild, it may not manifest itself for several
years (syphilis congenita tarda) or, in the case of massive infections, all organs and tissues of the
fetus are permeated with treponemal bacterium (Ortner 2003).
The origin, evolution, and history of treponemal infections remains controversial in
epidemiology and paleopathology (Baker et al. 2020; Erdal 2006). Four hypotheses have been
put forth: the Columbian hypothesis, the Pre-Columbian hypothesis, the Unitarian hypothesis,
and the Evolutionary hypothesis (Baker et al. 2020; Larsen 1997, 2018; Powell and Cook 2005).
The Columbian hypothesis posits that either venereal syphilis or a progenitor began in the New
World and was transmitted to the Old World via the crew of Christopher Columbus. Conversely,
the Pre-Columbian hypothesis argues that treponemal disease, both venereal and endemic, was
already present in Europe and the Old World prior to the voyages of Christopher Columbus. The
Unitarian hypothesis argues that all treponemal diseases are caused by a single pathogen capable
of causing different phenotypic expressions in human hosts. Finally, the Evolutionary hypothesis
argues that human treponemal disease likely occurred via infection from an animal in Afro-Asia
becoming the ancestral form from which the other forms diverged. Historically, these hypotheses
have been dominated by a Western perspective with problematic primary documents and sources
(Baker et al. 2020; Larsen 1997; Powell and Cook 2005).

86

A paucity of research from large areas of the globe, including Asia and Africa, contribute
to this controversy. Africa in particular has a dearth of evidence with no evidence reported in
West Africa, a region of the world with the highest rates of modern endemic yaws (Baker et al.
2020; World Health Organization 2019b, 2020d). Bioarchaeological research is beginning to
attempt to fill in this gap. A pair of recent research articles have recovered evidence for yaws in
individuals with ties to West Africa. Giffin and colleagues (2020) recovered evidence of yaws in
plague victim through the use of pathogen DNA screening techniques. Phylogenetic analysis of
the treponemal genome recovered from this individual clusters consistently with genomes typed
from modern Ghana. This individual was radiocarbon dated to 1463 CE and 1475 CE, part of the
early period of European exploration in West Africa. The second article, written by Barquera and
colleagues (2020), analyzed three presumably first-generation enslaved Africans from early
Colonial Mexico. One of the three individuals showed paleomicrobiological evidence of
Hepatitis B and treponematosis, specifically yaws. The strain of yaws identified clusters with
yaws subtypes identified in extant West African groups. A full discussion of research focusing
on the treponematoses, especially venereal syphilis, in the Americas and the Old World/Europe
is outside the scope of this research. For further information on this topic, please see publications
focused on this topic (Baker et al. 2020; Cook and Powell 2012; Larsen 1997; Powell and Cook
2005).
Tuberculosis (TB) is an infectious disease that affects humans and is caused by bacterium
from the Mycobacterium complex, typically Mycobacterium tuberculosis or Mycobacterium
bovis (Buzic and Giuffra 2020; Centers for Disease Control and Prevention 2016; Mayo Clinic
Staff 2019b; Roberts 2011a, 2011b; World Health Organization 2020c). It most commonly
attacks the lungs, but can attack any part of the body, including the kidneys, spine, and brain.
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The bacteria are primarily spread from one person to another through the air when a person
infected with tuberculosis of the lungs coughs, speaks, or sings. People nearby may breathe in
the bacteria and become infected. When an individual breathes in the bacteria, it can settle in the
lungs and begin to proliferate. From there, it can move throughout the body via the circulatory
and/or lymphatic system. There are two forms of tuberculosis: latent and active. In latent
tuberculosis, the bacteria live within the body without making you sick. The bacteria can remain
inactive for a lifetime, meaning many people infected with latent TB never develop active TB
disease. In some people, especially those with weakened immune systems, the bacteria can
become active, multiply, and cause TB disease.
Overall, approximately 5%-10% of infected people who do not receive proper treatment
will develop tuberculosis disease sometime in their lives (Centers for Disease Control and
Prevention 2016; Mayo Clinic Staff 2019b; World Health Organization 2020c). Those with
weakened immune systems have an increased chance of developing the disease. Symptoms of
tuberculosis disease vary based on where in the body the TB bacteria are growing. The bacteria
usually grow in the lungs (pulmonary TB) causing symptoms such as a bad cough, pain in the
chest, coughing up blood or sputum, weakness or fatigue, weight loss, chills, fever, and night
sweats. Tuberculosis disease that spreads to other parts of the body can cause serious
complications. These complications depend on where in the body the disease is located, but can
include spinal pain and stiffness, joint damage (especially in the hips and knees), meningitis,
liver or kidney problems, and heart disorders. Without treatment, tuberculosis can be fatal.
The earliest documentary data for tuberculosis come from Egypt and India dated to the
2nd millennium B.C. and from China dated to the 3rd millennium B.C. (Buzic and Giuffra 2020;
Roberts 2011b; Santos and Roberts 2001). In Africa specifically, there is evidence for
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tuberculosis dating to approximately 4500 B.C. in the Nile Valley. There is no known evidence
in sub-Saharan Africa prior to the arrival of Europeans on the coast; however, tuberculosis is an
ancient disease and certainly would have existed in sub-Saharan Africa for thousands of years
prior to European arrival (Buzic and Giuffra 2020; Comas et al. 2013; de Jong et al. 2010;
Hershkovitz et al. 2015). Recent research by Comas and colleagues (2013) use phylogenetic
analyses to support the hypothesis that the Mycobacterium complex originated in Africa and
estimate that tuberculosis has been infecting humans for at least 70,000 years. Tuberculosis then
coevolved with anatomically modern humans, using the increases in population and population
density observed during the Neolithic Revolution to remain a viable and successful infectious
disease.
Some diseases endemic to West Africa were acute and when death occurred, it took place
quickly, typically leaving no skeletal traces. These include deadly diseases such as smallpox and
yellow fever. Bosman describes a smallpox epidemic occurring at the end of the seventeenth
century (Bosman, 1709 cf Feinberg 1969) and Herbert (1975:574) reports a personal
communication from Feinberg in which Feinberg states that an epidemic of smallpox occurred at
Elmina in 1861. Yellow fever, another mosquito borne illness, is endemic to sub-Saharan West
Africa and likely was the cause of multiple epidemics and death in the past (Barnett 2007;
Centers for Disease Control and Prevention 2019b; Mayo Clinic Staff 2020b). While it is rare for
acute infectious diseases to leave skeletal traces, it has been noted to occur (Filipek and Roberts
2018; Jackes 1983; Ortner 2007), but is more likely that any skeletal changes would be nonspecific.
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5.2. Developmental Disorders and Growth Arrest Markers
Growth is a highly regulated process with the skeleton beginning to develop around the
12th week of gestation (Barnes 1994; Lewis 2007; Scheuer and Black 2000). Tightly regulated by
the endocrine system, growth is generally continuous with two intensive periods of activity
(Larsen 1997; Lewis 2007). The first period occurs during infancy with a rapid uptick in growth
followed by a gradual decline with stabilization around three years of age. The second occurs at
puberty with another rapid increase in growth followed by a gradual decline and culminating
with the fusion of the epiphyseal ends of long bones. The end product of growth is idiosyncratic
and dependent upon genetic and environmental factors. The growth period of juveniles is
particularly sensitive to disruption and these disruptions can record onto the skeleton and teeth
(Larsen 1997; Lewis 2007; Shuler 2005a). The etiology of growth disruption is highly variable
and genetic influences, growth hormone deficiencies, and psychological stress can all affect
growth, but it is particularly vulnerable to environmental stressors, most notably nutrition
(Eveleth and Tanner 1990; Gray and Wolfe 1996).

5.2.1. Developmental Disorders
For much of the early period of paleopathology, researchers felt congenital defects were
rare and difficult to find in prehistoric skeletal collections (Barnes 1994, 2012b), although cases
were identified, such as the two previously mentioned achondroplastic dwarves identified by
Snow (1943) at Moundville, a Mississippian period site in Alabama. Barnes argues that part of
this problem was the definition of “congenital defect” being used by early researchers. By
defining congenital defects solely as a severe developmental disorder identifiable at birth, this
excludes the majority of defects which are not identified until childhood or adolescent growth
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and development. Instead, Barnes suggests that researchers should focus on developmental
defects, which are much more common and not necessarily lethal in gestation or infancy. The
morphogenetic approach to developmental defects looks at the processes governing disturbances
in development of the skeleton, especially during the first eight weeks following conception,
when most developmental disturbances occur (Barnes 1994, 2012a). Clinical medicine
recognizes variable expressions of abnormalities affecting the skeleton can be defined according
to disturbances in morphogenesis occurring in specific embryonic fields (Goodman and Gorlin
1983; Gruneberg 1964; Spranger et al. 1982). As the structures of the skeleton develop,
disturbances occurring at critical threshold times will alter normal development with the degree
of expression dependent on the timing of disturbance in relation to the critical threshold event
(Barnes 1994; Opitz et al. 1969; Spranger et al. 1982). An underlying genetic template for the
development of each skeletal unit allows for deviant development when factors, such as genetic
or environmental, meddle with developmental timing (Gruneberg 1964; Opitz et al. 1969). Some
of the most commonly recognized developmental defects include segmentation errors (such as
Klippel-Feil syndrome), developmental delay of the maxilla (cleft palate), postneurulation
defects (spina bifida cystica and occulta), supernumerary bones and ossicles, asymmetry, and
bifurcations (Barnes 1994, 2012a, 2012b). These anomalies are identified in skeletal material by
recognition of their deviations from normal development.

5.2.2. Stature
Stature is estimated from human remains primarily through the use of regression
formulas utilizing length measurements from various aspects of the skeleton, primarily the long
bones (Fully 1956; Ousley 2012; Raxter et al. 2006; Trotter 1970). Since terminal stature has not
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been reached in juveniles, growth in the skeleton is determined using mean diaphyseal length
and circumference by age, with dental development used to control for age (Goode-Null 2002;
Larsen 1997; Lewis 2007). Human variation creates differences in stature even when long bone
lengths are the same, thus a prediction interval is included in reports of stature estimation in an
attempt to ensure the individual’s actual height is included in the estimation. Due to the
continuous process of skeletal growth occurring between the initial formation of bone until
terminal height is reached and long bone epiphyses fuse, growth rates and stature are widely used
markers of population health in modern (Eveleth and Tanner 1990; World Health Organization
2019a) and past populations (Cohen et al. 1994; Cohen and Armelagos 1984; Larsen 1997;
Saunders 2008). A strong relationship exists between growth suppression in childhood and
terminal height (DeWitte and Hughes-Morey 2012; Larsen 1997). Ties between stress, especially
poor nutrition, and stature have been documented in studies concerned with anthropometric
indicators (Komlos 1985, 1994, 1995; Steckel 1995).
Research surrounding short stature as a stress indicator was originally inspired by
discussions on the health of enslaved African-Americans (Steckel 1979) and, while stature
research has broadened to include other populations (DeWitte and Hughes-Morey 2012; Komlos
1994, 1995; Mummert et al. 2011; Pietrusewsky et al. 2014), research discussing stature and
health of enslaved populations is still a common area of research for those interested in
bioarchaeology of the African Diaspora (Angel et al. 1987; Goode-Null 2002; Khudabux 1991;
Shuler 2005a; Steckel 1986; Wasterlain et al. 2018). In general, bioarchaeological evidence
supports the inverse association between stature and mortality (Gunnell et al. 2001; Shuler
2005a; Steckel 2005), but some researchers argue that the relationship is not that simple (Holder
et al. 2018; Pfeiffer and Harrington 2011; Stinson 2012; Usher 2001; Vercellotti et al. 2014).
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Vercellotti and colleagues (2014) argue that due to selective mortality and heterogenous frailty,
tall stature may be more a reflection of selective pressures than positive life conditions. They
argue that the relationship between stress and growth is affected by numerous factors, including
catch-up growth, cultural buffering, and inequality; therefore, any interpretations surrounding the
effects of early life stressors on growth and development should be put forth with caution.

5.2.3. Dental Development
Reflecting broader growth patterns, dental development is also a highly regulated process
(Goodman and Rose 1990; Hillson 2002; Irish and Scott 2016; Larsen 1997; White et al. 2011).
Initiation of dental development begins at six weeks gestation with the proliferation of
mesenchymal cells that will become the developing jaws followed by tooth initiation between 14
and 16 weeks (Hillson 2002). Deposition of dentine and enamel matrix is initiated at the cuspal
terminus of the crown and progresses at a uniform rate, gradually increasing in size, until
completion at the cementoenamel junction. Permanent teeth are initiated around 3-4 months in
utero and completion is variable. The enamel matrix is deposited in a series of layers demarcated
by striae known as lines (or bands) of Retzius. The enamel is later calcified through a process of
mineralization.
Dental development overall is not sensitive to environmental insults, but is sensitive to
nutritional deficiencies and disease (Goodman and Rose 1990; Guatelli-Steinberg 2016; Hillson
2002, 2014; Larsen 1997; Smith 1991). When an individual encounters a stress episode, if it is
strong enough, enamel matrix deposition may reduce or delay causing a gap in the enamel
matrix. When observed macroscopically, the visible crown surfaces of teeth are normally white,
smooth, and translucent, but three types of defects may appear: hypoplasias, opacities, and
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discolorations. Enamel hypoplastic defects are the most commonly scored developmental defects
in human skeletal remains and reflect a deficiency of enamel thickness occurring during enamel
matrix secretion. Enamel hypoplastic defects can appear in a variety of morphologies with linear
defects being the most common, but pits can also be observed. Linear enamel hypoplasias (LEH)
are most commonly recorded on the labial surface of the incisors and canines. Enamel opacities,
also called hypocalcification defects, are the result of a disruption to the mineralization process
that occurs during the maturation stage. Discolorations are generally deposits of pigment
resulting from metabolic disorders, but may also be the result of later staining of
hypocalcifications.
Stress episodes that occur during dental development affect only the portion of the tooth
that is in the process of forming, meaning the location of disruption on the tooth crown provides
a precise chronological indicator of the stress episode and stress history of the individual. The
position of the defect to the cementoenamel junction can be used to estimate the age of
disturbance (Goodman et al. 1980; Sciulli 1992) and has been used in studies looking at stress
associated with weaning (Corruccini et al. 1985; Handler and Corruccini 1986; Hutchinson and
Larsen 1990), although weaning may not always be the primary causal factor leading to enamel
defects (Blakey et al. 1994). Enamel hypoplastic defects are also often used as a general sign of
deprivation (Goodman et al. 1980; Larsen 1997). Tooth enamel does not remodel and preserves
well in archaeological contexts making it an excellent source of information concerning stress of
human populations, but researchers must keep in mind that defects in dental development always
represent development and stress that occurred in childhood.
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5.3. Nutritional Indicators
Metabolic disorders refer to disorders associated with the metabolism of chemical
compounds, both synthesis (anabolism) or decomposition (catabolism), for the use or emission of
energy (Kozłowski and Witas 2012; Tortora and Derrickson 2009). This process occurs in all
living cells and is under the control of the endocrine system. Vitamins and minerals (such as
calcium, magnesium, and iron) often play a key part in this activity. Metabolic diseases result
from nutritional deficiencies which disrupt the metabolic processes of the cells. Similar functions
in the endocrine gland may result in hypo- or hyperactivity of the glands, leading to endocrine
disorders, which can impact the activity of enzymes responsible for metabolic anabolism and
catabolism. Thus, the two types of disorders are often grouped together in paleopathological
literature. Metabolic disorders most often studied by paleopathologists focus on disorders
resulting from nutritional deficiencies, although other factors can certainly contribute. Metabolic
disruption that occurs during childhood can affect the skeleton differently than disruptions
occurring during adulthood and must be differentially diagnosed to ensure accurate
interpretations. In addition, nutritional deficiencies often occur in conjunction with other
nutritional deficiencies and disorders, complicating differential diagnosis (Brickley and Ives
2008; Kozłowski and Witas 2012).

5.3.1. Vitamin Deficiencies
Vitamin deficiencies can have a profound effect on the health of individuals, and several
have been shown to produce skeletal and dental manifestations. Diseases such as scurvy and
rickets/osteomalacia can leave recognizable markers on the skeleton (Aufderheide et al. 1998;
Brickley and Ives 2008; Ortner 2003; Stuart-Macadam 1989) and occur due to complex
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interactions between diet, cultural practices, and human physiology. Scurvy, also known as
Moller-Barlow’s disease, is caused by a deficiency of vitamin C (ascorbic acid) in the diet
(Brickley and Ives 2008; Kozłowski and Witas 2012; Maat 2004; Ortner 1984). Humans are
incapable of producing vitamin C making its presence in the diet essential. Deficiency in the diet
results in a reduction in osteoid formation and structural weakening of connective tissue. Scurvy
may weaken and thin blood vessels associated with weakened connective tissue, which leads to
hemorrhaging in a number of areas (Fain 2005; Mays 2008). This triggers periosteal
inflammation and stimulates the formation of new, heterotrophic bone with a porous structure
(Ortner and Ericksen 1997).
In paleopathology, markers of scurvy are often identified as symmetrical, scattered
evidence of periosteal inflammation and porosity (Aufderheide et al. 1998; Brickley and Ives
2008; Kozłowski and Witas 2012; Ortner and Ericksen 1997). The porous lesions appear most
often on the greater wings of the sphenoid, the zygomatic, the posterior maxilla, the coronoid
process of the mandible, and on the orbital plates of the frontal. Postcranial changes may include
new bone formation at the joints, abnormal scapular porosity, and costochondral enlargement of
the ribs. Scurvy most often affects small children and is often linked to soft tissue changes,
especially in small children where bone growth is still occurring, making it difficult to see in
skeletal collections. Its indicators can also result from other disease processes (Kozłowski and
Witas 2012; Mary E Lewis 2004) so careful observation and differential diagnosis must be used.
Rickets and osteomalacia are metabolic disorders associated with insufficient vitamin D
(calciferol) which aids in the regulation of calcium and phosphorous homeostasis (Brickley and
Ives 2008; Kozłowski and Witas 2012; Tortora and Derrickson 2009). Vitamin D is naturally
synthesized by the body via exposure to ultraviolet light from the sun. A reduction of exposure to
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sunlight due to cultural practices and/or the environment can lead to a lack of vitamin D
synthesis (Brickley and Ives 2008; Mays et al. 2007). In this case, vitamin D can be consumed in
the diet, but deficiencies in protein, fat, calcium, and phosphorous can lead to nutritional
deficiencies. A lack of vitamin D causes insufficient mineralization in the osteoid and cartilage
produced by osteoblasts and chondroblasts. Rickets primarily affects children and is
characterized by a disruption in the mineralization process of growing cartilage and bone tissues.
This can lead to growth delays in bone, as well as bending and deformation of bones via
sustained mechanical forces, such as walking and crawling (Brickley and Ives 2008; Brickley et
al. 2005; Stuart-Macadam 1989). Osteomalacia primarily affects adults and is associated with
bone remodeling, chiefly affecting bone that remodels quickly such as the ribs, sternum,
vertebrae, and pelvis. Bones tend to become thinner, more delicate, and structurally weaker
leading to compression of vertebral bodies and thoracic kyphosis (Aufderheide et al. 1998;
Brickley et al. 2005).

5.3.2. Porotic Hyperostosis and Cribra Orbitalia
Porotic hyperostosis and cribra orbitalia are two of the most commonly cited stress
indicators and have previously been used to argue for the presence of iron deficiency anemia
(Angel 1966; Larsen 1997; Stuart‐Macadam 1987; Walker et al. 2009). Porotic hyperostosis
refers to changes seen in the cranial vault reflecting expansion of the diploë and pinhole lesions
that form on the calvaria. Cribra orbitalia is a similar response located on the roof of the eye
orbits (Ortner 2003; Walker et al. 2009). The two are typically assessed in combination with one
another, but their association has been debated (Ortner 2003). The skeletal changes reflected in
porotic hyperostosis and cribra orbitalia are said to be skeletal responses to chronic anemia in
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which the body increases red blood cell producing tissues. The increase in marrow production
causes the replacement of the outer table of the cranium with exposed diploic bone, giving the
appearance of a raised and hypervascularized cranium.
Walker, et al. (2009) argue that this assumption of iron deficiency anemia is unfounded
and is inconsistent with recent hematological research. Research has shown that not all anemias
produce the level of hypertrophy that is necessary for porotic hyperostosis and cribra orbitalia. In
addition, the expansion of the cranial vault is indicative only of childhood anemia as the sites of
red blood cell production change during development. The authors argue instead that the cause
of porotic hyperostosis is the synergistic effects of a multitude of etiologies, including nutritional
deficiency, poor sanitation, infectious disease, and cultural practices. They focus especially on
the possibility that these features are the result of hemolytic or megaloblastic anemias instead.
Walker and colleagues (2009) are adamant in their argument that porotic hyperostosis
and cribra orbitalia should not be linked to iron-deficiency anemia. However, McIlvaine (2015)
argues that Walker, et al. (2009) are being rash in their dismissal of the relationship between
iron-deficiency anemia and porotic hyperostosis and cribra orbitalia. McIlvaine (2015) argues
that there are two possible responses to iron-deficiency anemia: a lack of iron may inhibit
initiation of transmission of the protein heme (erythropoiesis), or continued erythropoiesis may
result in iron-deficiency erythrocytes. Therefore, a decrease in red blood cells may be ineffective
erythropoiesis instead of a lack of erythropoeitic activity, which could trigger the mechanisms
that cause porotic hyperostosis. The author argues that a complete dismissal of iron-deficiency
anemia could result in hidden heterogeneity among populations. McIlvain (2015) further pushes
the point that porotic hyperostosis is a stress indicator with many possibly etiologies. Studies
have shown porotic hyperostosis associated with nutritional deficiencies, cancer, and
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inflammation of the cranial vault (Ortner 2003; Ortner and Ericksen 1997; Ortner and Mays
1998; Walker et al. 2009). Cribra orbitalia has also been associated with a number of etiologies
including cancer, infectious diseases of the eye, and nutritional deficiencies such as scurvy
(Ortner 2003; Ortner and Ericksen 1997; Wapler et al. 2004). Nutritional deficiencies can occur
due to a number of factors, but of note in regard to the people of Elmina is the dependence on
agricultural subsistence. A reliance on agricultural foods has been linked to malnutrition in the
past, particularly iron-deficiency anemia, although this argument is not without critique (Cohen
1989; Cohen and Armelagos 1984; Cohen and Crane-Kramer 2007; Wood et al. 1992).

5.4. Indicators of Infectious Disease
Infectious agents such as bacteria and viruses cause a variety of disease states, but
infection does not always result in a disease state (Larsen 1997). Many acute infections result in
the death of the individual before bony response can occur. There are, however, a number of
infectious disease states that leave patterned responses on osseous materials. Reported
frequencies generally form the baseline of information about infectious disease in
paleopathological reports and provides the means by which to interpret past disease states in
individuals and populations (Grauer 2012a; Hooton 1930; Larsen 1997; Waldron 1994).

5.4.1. Dental Carious Lesions
Dental caries is a disease process connected with the focal demineralization of dental
hard tissues by organic acids produced by bacterial fermentation of food, especially
carbohydrates and sugars (Arens 1999; Hillson 2002; Larsen 1997; Temple 2016). Dental
carious lesions manifest in several states ranging from enamel opacities to extensive cavitation
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up to, and including, the loss of teeth. The exact etiology of dental caries is incompletely
understood, but several factors are known: the exposure of teeth to the oral environment; the
presence of specific oral bacteria, salivary glycoproteins, dental plaque, and diet. Simply put,
oral bacteria produce organic acids that break down food particles in the oral cavity. The
molecular structure of these food particles determines the length of time until breakdown.
Complex molecules, such as carbohydrates, take longer to break down and accelerate the rate of
metabolism for oral bacteria. This suggests that foods high in carbohydrates may increase the
presence of dental carious lesions.
The study of dental carious lesions in archaeological contexts provides a wealth of
information about diet, culture, and genetics. The consistency and manner in which food is
prepared can have an effect on dental caries processes in populations (Larsen 1991; Meiklejohn
et al. 1992; Powell 1985). Analysis concerning differential prevalence of carious lesions of
various subgroups, particularly between sexes (Hooton 1930; Larsen 1991; Temple 2011;
Temple and Larsen 2007) may provide clues to cultural practices and possible changes over
time, although a complex relationship exists between dental carious lesions and sex associations
must be considered (Lukacs and Largaespada 2006).

5.4.2. Periosteal Reactions and Osteomyelitis
Periosteal reaction and osteomyelitis represent two ends of a continuum illustrating
skeletal lesions of infectious origin with periosteal reaction as the least severe, affecting only the
cortical bone, and osteotitis and osteomyelitis as the most extreme, with infection extending into
the medullary cavity (Larsen 1997; White et al. 2011). Periosteal new bone formation, or
periosteal reaction, is another commonly reported pathological process in bioarchaeological
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collections (Larsen 1997; Ortner 2003; Ortner and Putschar 1981; Weston 2008, 2009, 2012). It
refers to inflammation of the periosteum, a soft tissue membrane that covers the outside of the
bone. It can affect any bone in the skeleton but is most commonly observed on long bones,
especially the tibia. Any pathological agent, including infection and trauma, may stimulate a
reaction which triggers the osteogenic periosteum to create woven bone. The lesions are
characterized as “osseous plaques with demarcated margins or irregular elevations of bone
surfaces” (Larsen 1997:83). The woven bone and lesions remodel over time into lamellar bone,
with a smooth, sometimes inflated surface. Periosteal new bone formation has been recorded in
paleopathological research as a nonspecific stress marker, but research has pointed to multiple
etiologies (Ragsdale 1993). Weston (2008, 2009, 2012) has conducted multiple analyses in an
attempt to better understand the etiologies of periosteal new bone formation and, thus far, has
been unable to make a definitive conclusion on whether to record periosteal new bone formation
as nonspecific or indicative of multiple etiologies, although her most recent discussion (2012)
argues that periosteal new bone formation is much more than a simple indicator of nonspecific
infection.
Osteomyelitis is characterized by vigorous proliferation of the periosteal and endosteal
bone surfaces, resulting in narrowing of the medullary cavity (Larsen 1997; Ortner 2003; Ortner
and Putschar 1981; Shuler 2005a). Pyogenesis typically occurs with osteomyelitis, with the
microorganism Staphyloccocus aureus the most common cause. With pyogenic osteomyelitis, an
abscess or collection of pus generally accompanies inflammation of the surrounding tissue
leading to necrosis of the bone tissue. Necrotic bone then separates from the living bone tissue
via a layer of new woven bone called an involucrum. Pyogenic fluid (pus) drains from the
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medullary cavity via sinuses or cloacae, openings that extend from the medullary cavity to
outside the body.

5.4.3. Endocranial Lesions
Endocranial lesions and new bone formation in non-adults typically appear on the
occipital bone, notably the cruciform eminence, as well as the parietal and frontal bones, and
appear to follow areas of venous drainage (Mary E. Lewis 2004; M. E. Lewis 2018). These
lesions manifest in four ways: pitted (porous) lesions; deposits of white or grey fiber or immature
new bone; capillary formations’ and ‘hair-on-end’ formations, which may sometimes become
‘frosted’ or thickened and remodeled. The exact etiology of these lesions is unknown, but a
variety of etiologies have been suggested. Specific etiologies include trauma, anemia, neoplasms,
vitamin deficiencies such as scurvy or rickets, venous drainage disorders, and tuberculosis, while
non-specific etiologies include meningitis. All suggested etiologies can cause inflammation
and/or hemorrhage of the meningeal vessels. The meninges are the three fibrous membrane
layers that separate the brain from the cranial vault. The pia mater is the innermost, and most
fragile, layer. It turns inward and forms a partition between the brain and the spinal cord. The
middle arachnoid layer bridges the sulci on the cortical surface. Between the arachnoid layer and
the pia mater is the subarachnoid space, which contains cerebrospinal fluid (CSF). The dura
mater is the outer most layer, it is the thickest layer and is continuous with the periosteum that
lines the vertebral column. Between the dura mater and the arachnoid layers is the subdural space
into which hemorrhaging can occur.
Endocranial lesions have been recorded and discussed for at least a century and spanning
many areas of the globe, with a significant increase in the past few decades (Eerkens et al. 2018;
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Ellis 2018; Facchini et al. 2004; Janovic et al. 2015; Koganei 1912; Mammas and Spandidos
2017; Mensforth et al. 1978). Research into endocranial lesions is ongoing, with some suggesting
that these lesions are a normal part of childhood growth (Mary E. Lewis 2004), while others
argue that the presence of lesions argues against growth, as growth would result in new bone
formation and would be spread evenly across the vault bones (Mitchell 2006). Regardless, it is
important to understand cranial growth when assessing these lesions and distribution, type, the
age of the affected individual, and the presence of other skeletal lesions must all be taken into
consideration when assessing pathology.

5.4.4. Malaria
Once infected, the pathophysiology of malaria can affect the human body in several ways
(D’Souza et al. 2011; Marciniak et al. 2018; Moreau et al. 2012; Schaeffer 2019; Smith-Guzmán
2015b). While primarily confined to the bloodstream and organs, the physiological response to
malaria may allow for skeletal manifestations. This is especially true of hemolytic anemia,
caused by massive destruction of red blood cells during the blood stage of the Plasmodium life
cycle (Centers for Disease Control and Prevention 2020a; Schaeffer 2019). Occurring
simultaneously during the blood stage is malarial hemolysis, when free heme, hemozoin, and
acid phosphate are released into the bloodstream leading to weakened bone formation via the
stimulation of osteoclasts and impairment of osteoblasts, indicating malaria has a negative,
resorptive effect on the skeleton (D’Souza et al. 2011; Moreau et al. 2012; Schaeffer 2019;
Smith-Guzmán 2015b). The destruction of red blood cells can lead to chronic anemia in those
infected with malaria. Chronic anemia has been linked to some skeletal lesions identifiable in
skeletal remains, specifically cribra orbitalia and porotic hyperostosis (discussed above).
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However, these lesions have been attributed to many factors and their etiology is not always
clear. Recent research has found evidence to support the link between malaria and skeletal
manifestations of anemia (Gowland and Western 2012; Marciniak et al. 2018; Smith-Guzmán
2015a, 2015b; Tognotti et al. 2017). Smith-Guzmán (2015b) created a diagnostic algorithm to
determine malarial infection using frequencies of skeletal lesions in a population derived from an
area with endemic malaria and diagnosed anemia. A suite of porous skeletal lesions were
identified as occurring in high frequencies; cribra orbitalia, spinal and sacral porosities, femoral
and humeral cribra, and periosteal reaction. Using the algorithm devised by the author, skeletons
can be scored individually for a combination of lesions and an overall prevalence of malaria at a
site can be estimated.

5.4.5. Treponematoses
The pathogenesis of yaws includes three main stages: primary, secondary, and tertiary.
(Giacani and Lukehart 2014; Hackett 1951, 1976; Mitjà et al. 2013; Ortner 2003; Powell and
Cook 2005; World Health Organization 2019b, 2020d). In the primary stage, an initial papule
(called the mother yaw) develops at the site of entry. This papule usually heals after 3-6 months
and transitions to a pitted scar with dark margins. In the secondary stage, secondary lesions result
from the lymphatic and hematogeneous spread of the pathogen and can appear from a few weeks
to two years after the primary lesion. Also, during the secondary stage, early osteoperiostitis of
the proximal manual phalanges (i.e. dactylitis) or of long bones may occur. If left untreated,
yaws can become a chronic, relapsing, disfiguring disease and can lead to severe bone
deformation. Approximately 10% of untreated patients develop tertiary stage lesions after 5
years (World Health Organization 2020d). Tertiary stage lesions are characterized by destructive
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gummatous nodules, especially in the long bones; chronic gummetous lesions of the vault
characterized by central destruction surrounded by reactive bone formation creating crater-like
lesions known as carries sicca; periosteal reactive bone on the maxilla (goundou); and osteitis
resulting in ulceration of the hard palate and nasopharynx (i.e. gangosa). Distinct bowing of the
tibiae, known as saber shins, can occur. Saber shins occurs when repeated episodes of periosteal
reaction and remodeling, occurring during the regression and remission cycles, result in
hypertrophy of the anterior crests of the tibia, presenting a bowed appearance. Yaws can also
cause swelling of the joints and erosive arthropathies of the joint and surrounding bone. Skeletal
lesions only occur in the secondary and tertiary stages of the disease (Baker et al. 2020; Hackett
1951). Baker and colleagues outline a recording system for treponematoses (Baker et al.
2020:21) while Powell and Cook provide a table of bone lesions occurring in the various
treponemal infections (Powell and Cook 2005:25). If the child survives into adulthood, the early
onset of bone lesions may completely heal with remodeling obliterating all bony changes (Ortner
2003).
Since venereal syphilis is primarily contracted during adulthood, pathogenesis of
venereal syphilis occurs after sexual maturity. As with the other treponematoses, syphilis is
characterized by three main stages: primary, secondary, and tertiary (Cook and Powell 2012;
Larsen 1997; Ortner 2003; Powell and Cook 2005). Once infective contact occurs, an incubation
period of several weeks is followed by the formation of a distinct primary lesion known as a
chancre, marking the primary phase of the disease. The secondary stage begins with
dissemination of the bacterium throughout the bloodstream where it spreads to multiple bodily
systems. The secondary stage is characterized by a skin rash and lesions of the mucous
membranes. Periosteal reaction with active bone formation can occur during the secondary stage,
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but often leaves no permanent bony changes. The borderline between the secondary and tertiary
stages is not well defined, but the tertiary stage is most notably characterized by progressive
involvement of different organs, including the skeletal system. Lesions can occur broadly, but
the tibiae, bones surrounding the nasal cavity, and the cranial vault are commonly affected and
represent approximately 70% of tertiary syphilitic bone lesions (Ortner 2003:279). Changes are
the result of either chronic nongranulomatous inflammation or granulomatous (gummous)
processes with nodular foci with a central liquifying necrosis. In many cases a combination of
the two is observed. The most common recorded location of tertiary syphilitic lesions in clinical
patients is the skull, particularly the vault and perinasal area. Calvarial lesions, specifically caries
sicca, represent the most specific diagnostic features. The gummatous, osteoperiostitic lesions
typically begin on the frontal bone, with lesions spreading to the parietal and facial bones as the
disease progresses. The lesions known as caries sicca begin on the outer table of the vault and
lead to focal destructive remodeling of the outer table and part of the diploë, often sparing the
inner table. Even if syphilis remains untreated, individual foci will heal but new foci will form in
the surrounding bone. The healed foci leave a depressed, sclerotic, radially grooved stellate scar.
Repeated healing leads to “confluent pitting in a circinate arrangement surrounding by ivoryhard reactive bone, partly with smooth, partly with hypervascular surfaces” (Ortner 2003:280).
Gummatous periosteal reaction of the long bones leave characteristic lesions and, in a localized
form, may result in ‘scooped out’ lesions of the infected area. Diffuse gummatous periosteal
reaction resembles the caries sicca seen in the cranium. Chronic progressive degeneration of the
joints, known as Charcot’s joints, may also occur.
Congenital syphilis is transmitted transplacentally from the infected mother to the fetus,
often resulting in fetal death. For infants that survive, pathological signs appear in two stages
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(Ioannou and Henneberg 2016; Ioannou et al. 2015; Larsen 1997; Ortner 2003; Powell and Cook
2005). The early stage exhibits general skeletal manifestations including periosteal reactions,
osteochondritis, and osteomyelitis. Occasionally, it has already started during fetal development
and is present at birth. During the late stage, signs can include frontal bossing, short maxilla,
high palatal arch, saddle nose, Higoumenakis’ sign (enlargement of the sternal end of the
clavicle), diaphysitis, metaphysitis, flaring scapulae, and sabre shins. Congenital syphilis is most
recognized for interfering with odontogenesis with ten to thirty percent of those affected
developing the diagnostic Hutchinson’s incisors and Moon’s molars (Baker et al. 2020;
Hutchinson 1863; Ioannou and Henneberg 2016; Ioannou et al. 2015; Moon 1884). Mulberry
molars, also known as Fournier’s molars (Fournier 1886), occur in congenital syphilis, but are
not diagnostic due to their development in other conditions. Beyond these dental deformities,
observable skeletal lesions associated with congenital syphilis are indistinguishable from those
observed in other treponemal infections. These dental signs are observed in the permanent teeth
which erupt at approximately 6-8 years of age but develop during the early stages of the disease
when the infection and fever set in affecting crown formation.

5.4.6. Tuberculosis
Tuberculosis (TB) is an infectious disease caused by the Mycobacterium bacterial
complex, most commonly M. tuberculosis and M. bovis (Buzic and Giuffra 2020; Centers for
Disease Control and Prevention 2016; Mayo Clinic Staff 2019b; Roberts 2011a, 2011b; World
Health Organization 2020c). It is spread primarily through the air from one person to another
when a person infected with TB of the lungs or throat coughs, speaks, or sings. People nearby
may then breathe in the bacteria and become infected. Once inhaled, the bacteria settle in the
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lungs and begin to proliferate. From there, the bacteria can move throughout the body via the
circulatory and/or lymphatic systems. The tuberculosis bacteria can live in the body without
making you sick (latent TB) and many people never develop TB disease. Approximately 5%10% of infected persons with a normal immune system will develop TB disease in their lifetime,
while those with weakened immune systems experience a greater risk of developing the disease.
Symptoms of TB disease vary based on where in the body the disease in located. Tuberculosis
bacteria usually infect the lungs (pulmonary TB) causing a bad cough, pain in the chest,
coughing up blood or sputum, weakness or fatigue, weight loss, chills, fever, and night sweats.
Tuberculosis can also affect other parts of your body, including the kidneys, spine, joints, and
brain. Complications of tuberculosis include spinal pain and stiffness, joint damage (particularly
of the hips and knees), meningitis, liver or kidney problems, and heart disorders. If left untreated,
tuberculosis can be fatal.
There are three types of tuberculosis observed in humans: primary, secondary, and
miliary (Lewis 2011). Primary tuberculosis typically occurs in childhood and in people who have
never been exposed to tuberculosis (Lewis 2011; Ortner 2003; Roberts 2011b; Santos and
Roberts 2001). The primary lesion typically heals, or the person dies in the acute stages of the
infection. Later in life (usually adulthood), a post-primary/secondary stage may occur, in which
the primary lesion is reactivated or the individual becomes re-infected. Miliary TB results from
the hematogenous or lymphatic spread of the infection from the primary lesion to the lungs and
other parts of the body, a common complication in children. Bone changes associated with
tuberculosis typically occur in the post-primary stage of infection with only 3-5% of individuals
with untreated TB developing bony changes. Bones and joints may be affected 3-5 years
following infection (1-3 years in those under 5 years of age). In bioarchaeology, this is often
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recognized through characteristic destructive lesions of the vertebral bodies (Pott’s disease) with
the lower thoracic and lumbar vertebrae most often affected, although cervical vertebrae can be
affected as well. The vertebrae, sternum, and ribs have haemopoietic marrow throughout the
lifespan, leading to their frequent involvement in tuberculosis associated skeletal changes.
Destructive changes in the hip, knee, and ankle joints are also common. A number of nonspecific skeletal changes are also associated with TB, including periosteal pitting and new bone
formation on visceral rib surfaces; new bone formation on long bones, especially in the
metaphyseal and epiphyseal portions due to the marrow spaces located there; new bone
formation on the endocranial surface of the cranium; calcified pleura; and tuberculosis dactylitis
(spina ventosa) in the bones of the hands and feet. In children, widespread hematopoietic marrow
and vascularization of growth plates causes a more varied presentation and includes involvement
of the hip, knee, and ankle (especially the calcaneus). Once healed, these signs can be completely
obscured in the process of growth and development, but focal destruction of growth plates can
lead to a growth deficit and/or deformity of the involved bone. Tuberculosis meningitis occurs in
up to 50% of untreated cases of miliary TB in children likely linked to the haemopoietic marrow
of the diploë present during cranial growth and development.

5.4.7. Smallpox
Smallpox is a serious infection caused by the variola virus (Centers for Disease Control
and Prevention 2017; Filipek and Roberts 2018; Mayo Clinic Staff 2020a; Ortner 2007). It is
spread primarily through close face-to-face contact between people, specifically when an
infected person coughs or sneezes and water droplets from their mouth or nose spread to other
people. Once the virus enters the system, an incubation period lasting seven-to-nineteen-days
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begins, followed by a two-to-four-day period where the individual experiences high fever, body
aches, and sometimes vomiting. After this stage a rash starts appearing on the body, quickly
turning into sores that break open, spreading to all parts of the body within 24 hours. Over the
next 10-15 days, the sores become pustules, which then scab over. Finally, the scabs begin to fall
off, leaving marks on the skin. Approximately four weeks after exposure, the scabs have gone
and the person is no longer contagious. During this period, approximately three out of ten
patients die (Centers for Disease Control and Prevention 2017) with historical sources citing
higher rates during severe epidemics, especially among children (Behbehani 1983; Fenner 1993;
Herbert 1975; Riedel 2005). Smallpox has been identified in several preserved bodies globally,
but is rarely diagnosed in skeletons (Filipek and Roberts 2018; Jackes 1983; Ortner 2007).
Characteristic skeletal changes are correlated to smallpox (osteomyelitis variolosa), occurring in
up to 20% of cases and is limited to those individuals who acquire the disease before adulthood,
typically before age five (Jackes 1983; Ortner 2007). Changes to the joints, caused by a
disruption around the metaphysis, may lead to detachment or destruction of the epiphysis and
reduced longitudinal bone growth. This is especially telling when changes are observed
bilaterally in the elbow.

5.5. Other Stress Indicators
5.5.1. Trauma
Trauma observed in skeletal remains can provide information about human life and
culture in the past, including occupation, interpersonal and systemic violence, living
environment, and subsistence practices (Larsen 1997; Martin and Harrod 2015; Roberts and
Manchester 2005). Trauma has been variably defined in paleopathological literature (Judd and
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Redfern 2012; Martin and Harrod 2015) and is broadly defined by Lovell as “an injury to living
tissue that is caused by a force or mechanism extrinsic to the body” (Lovell 1997:141). Ortner
(Ortner 2003:120) lays out four ways in which trauma can affect the skeleton: a partial to
complete break in bone; abnormal displacement or dislocation of the joints; disruption in nerve
and/or blood supply: and extrinsically induced abnormal shape or contour of bone. The most
commonly observed type of trauma are fractures (Roberts and Manchester 2005). Fractures are
defined as complete or partial breaks in the continuity of the bone caused by mechanical stress
applied to the bone (Ortner 2003:120). A variety of type of fractures exist (Lovell 2008; White et
al. 2011) and are identified based on their etiology, mechanism of injury, and morphological
characteristics (Lovell 1997; Ortner 2003; White et al. 2011). Fracture healing usually begins
immediately after the traumatic event with new bone growth (callus) surrounding the fracture
margins and usually leading to complete union of the fractured elements, unless severe nonapposition of fracture segments occurs. Timing and duration of healing depends on the type of
fracture, the element fractured, and other factors such as age and overall health of the individual
(Lovell 1997). Since trauma can occur from accidental and intentional violence, cautious
interpretation is necessary when attempting to investigate certain hypotheses in archaeological
populations (Judd and Redfern 2012; Larsen 1997; Lovell 1997; Martin and Harrod 2015).
Determining whether an injury was caused by accidental or intentional violence relies on
identifying the instrument and/or injury mechanism as well as integrating contextual evidence
(Jurmain 2005:186-188).
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5.5.2. Osteoarthritis
Joint disease is the most common form of pathology observed in human remains (Ortner
2003; Waldron 2012; White et al. 2011). Of those, osteoarthritis is the most common form of
joint disease observed in archaeological contexts and refers to destruction of the articular
cartilage in joints, particularly synovial joints. Synovial joints account for the majority of joints
in the body and are comprised of a space between the articulating ends of bones which allow for
movement. The synovial joint is surrounded by a fluid filled fibrous joint capsule lined with
synovial membrane. The ends of the bones are covered with hyaline cartilage. Osteoarthritis
results from a progressive degeneration of the articular cartilage. As breakdown of the cartilage
occurs, inflammation of the synovial membrane leads to formation of new bone on the
articulating bone surfaces.
Osteoarthritis is characterized by growth of bony lipping and spurs around the margins of
the joint (osteophytes), new bone growth and pitting on the joint surface, alteration of the joint
contour, and eburnation. Eburnation is particularly telling since it implies that the articular
cartilage has been completely worn away and the articulating bones were rubbing together,
creating a polished surface. Osteoarthritis has been classified as a degenerative joint disease
(Aufderheide et al. 1998; Larsen 1997; White et al. 2011) but others argue that is should not be
considered degenerative since the changes are reversible in a few cases (Bland 1983; Waldron
2012). Osteoarthritis is generally considered to be evidence of mechanical stress and physical
activity and this finding has been supported by various studies (Larsen 1997; Waldron 2012;
White et al. 2011). However, a variety of factors play a part in the development of osteoarthritis,
such as age, sex, obesity, and genetic predisposition. Also, while mechanical stress does play a
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part in the formation of osteoarthritis, there is no form of osteoarthritis that is unique to one
occupational group of activity.

5.6. Conclusion
This chapter reviewed a number of changes that occur within the skeleton as a result of
stress episodes, infectious diseases, congenital defects, and nutritional inadequacies. The human
skeletal remains recovered during excavations at Elmina will be examined for evidence of the
skeletal stress indicators and diseases discussed above. Identification of skeletal stress markers in
the population from Elmina provides not only a means to assess the health and frailty of the local
population, but also allows for an examination of the origins and spread of a multitude of
infectious diseases and disease states associated with West Africa and the larger Atlantic World.
Identification of endemic and introduced diseases can aid researchers in the understanding of the
origins and evolution of these maladies, especially diseases that may have been introduced to
West Africa by Europeans during the period of the trans-Atlantic trade system.
The next chapter discusses in detail the skeletal remains studied in this research project,
including excavation methods, context, and post-field processing. It then goes on to discuss the
methods used to identify, record, and analyze the skeletal stress and disease indicators discussed
above.
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Chapter 6. Materials and Methods
6.1. Materials
6.1.1. Skeletal Sample
Elmina was selected as the focus for this study based on the relatively large sample size,
previous archaeological research, extensive documentary and ethnographic record, and
importance of the town as the location of the earliest and largest European trade fort established
on the coast of West Africa. Renschler’s (Renschler and DeCorse 2016) previous
bioarchaeological studies did not include the entirety of the skeletal collection, instead focusing
on a subset of intact burials. For this dissertation, I examined the Elmina skeletal collection in its
entirety, including thousands of skeletal elements comprising a minimum number of 93
individuals.
An unknown number of individuals were exhumed from Elmina during the course of
archaeological excavations conducted between 1985 and 2019. The majority of the burials
encountered were located beneath house floors with most of these being disturbed by later
burials and construction. Burials were recovered from throughout the site. Approximate dates are
based on artifacts recovered from the loci with general date ranges provided by Dr. Christopher
R. DeCorse (DeCorse 2020b). Loci A, B, and D (Table 6.1; Figure 6.1) represent the earliest
areas of the town with artifacts dating from the late Iron age or Portuguese period occupation
(DeCorse 2021). Burials from Locus E represent the fisherkrom (fisherman’s village) that was
not occupied until the Dutch period (1637-1873). Burials recovered from Locus F represent the
nineteenth century expansion of the site. Locus G contained burials that likely dated to the
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eighteenth century. Two burials were recovered from a masonry tomb located in Locus A and
postdate the 1873 destruction of the town. Single burials were located in Loci B and E and also
postdate the 1873 destruction of the town. Burials were recovered from the area surrounding
Veersche Schans (Fort de Veer) located approximately 0.5 km west of Locus H, beyond the old
quarries west of the fort. Burials recovered from this area date to the eighteenth-century
occupation of the site. An additional burial was recovered during excavations in 2019 from
inside the Castle walls and likely dates from the earliest Portuguese occupations of the fort.
Table 6.1. Locations and Approximate Dates of Excavated Burials
Locus Location Description
Time Period1
Castle Inside Elmina Castle
Portuguese Period 1471-1637
A
Beneath House Floors, Oldest Areas of Town
Dutch Period: Circa 1637-1873
A
Masonry Tomb
British Period: Circa 1873-1900
B
Beneath House Floors, Oldest Areas of Town
Dutch Period 1750-1873
B
Single Burial
British Period: Circa 1873-1900
D
Beneath House Floors, Oldest Areas of Town
Dutch Period 1750-1873
E
Fisherkrom
Dutch Period 1750-1873
E
Single Burial
British Period: Circa 1873-1900
G
Dutch Period: Circa 1700-1799
VS
Veersche Schans, West of Locus H
Possible Pre-European Contact (Pre1471) or Dutch Period: Circa 17001799
1
Dates provided by Dr. Christopher R. DeCorse (DeCorse 2020b, 2021)

115

Figure 6.1. Location of Excavation Loci at Elmina (DeCorse 2021)
6.1.2. Preservation of Remains
The overall preservation of skeletal remains recovered at Elmina is highly variable.
Anthropogenic and environmental taphonomic processes resulted in diverse preservation across
the site, while further activity altered preservation post-excavation. Graves were dug into often
very shallow pockets of soil resting on top of bedrock. Post-deposition, these graves were subject
to an array of activities, including later burials, construction, and the later leveling of the town
which led to a large amount of disturbance with many burials becoming commingled. In
addition, the tropical environment of coastal Elmina resulted in effects of acidic soils, salt water,
heavy rains, and erosion. Some burials, especially the later, intrusive burials, are almost
completely intact; however, most burials range from highly fragmentary with a few associated
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elements, to large fragments with approximately 75% of associated elements. Similarly,
commingled remains range from highly fragmentary to intact elements.

6.2. Methods
6.2.1. Curation
All human skeletal remains excavated between 1985 and 2019 were cleaned, dried,
labeled, and bagged in Ghana by Dr. Christopher R. DeCorse and his students and employees.
Remains were then relocated to the United States and finally to Syracuse University, where they
are currently curated in the Archaeological Storage Facility, Maxwell Hall.
Inside the storage facility, human skeletal remains were sorted based on locus and then
each locus was taken to the Archaeology Laboratory where bags of remains were sorted based on
unit and level. Skeletal remains were then removed from their bags and placed on trays,
organized by context. Since all remains from a locus could not be laid out at one time, remains
from adjacent units and levels were displayed as space allowed and as elements were matched to
burials, analyzed, and bagged, additional units were laid out. This was done systematically from
north to south and east to west so that all adjacent units were displayed simultaneously.
Identification of elements was conducted using comparative samples housed at Syracuse
University, as well as standard reference materials (Baker et al. 2005; Cunningham et al. 2016;
Hillson 2002; White et al. 2011; White and Folkens 2005). Fragmentary skeletal remains were
then refit according to methods described in Human Osteology (White et al. 2011:336-337) using
Elmer’s water soluble glue. Once refitting was complete, elements were sorted and matched
based on gross observation of size, shape, color, approximate age, and any observable
idiosyncratic markers. Context of remains was also taken into consideration although, due to
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taphonomic processes, remains from non-adjacent units were not excluded from matching.
Excavation records were consulted to better understand excavation and context of human skeletal
remains and to aid in reassembling individuals/burials. Some elements and individuals were
previously matched and refit by past researchers using unknown methods. These reassemblies
were compared against excavation records and assessed using the same gross observation
methods utilized for non-reassembled elements. Once reassembled, individuals were assigned a
burial number, then osteological and paleopathological analysis were conducted.
6.2.1.1. Sorting and Curation of Burials/Individuals
For burials/individuals, cranial and postcranial elements were identified, sided, and
recorded on standardized inventory forms for degree of completeness. Dental remains were also
identified, sided, and recorded. For subadults, dentition was recorded on both permanent and
deciduous forms, where applicable. In order to standardize data collection for future research,
skeletal inventories for Elmina were conducted according to procedures described in Roksandic
(2003) and Buikstra and Ubelaker (1994). Standardized visual forms from Roksandic (2003)
were used to record inventory. Multiple forms from Buikstra and Ubelaker were adapted into a
Microsoft Word document (Appendix A and B) and used to record skeletal data: Inventory
Recording Form for Complete Skeletons; Adult Sex/Age Recording Form; Immature Remains
Recording Form: Bone Union and Epiphyseal Closure; Immature Measurements Recording
Form; Dental Inventory Recording Form: Development, Wear, and Pathology: Permanent Teeth;
Dental Inventory Recording Form: Development and Pathology, Deciduous Teeth; Enamel
Defects (Hypoplasias and Opacities) Recording Form: Permanent Teeth; Enamel Defects
(Hypoplasias and Opacities) Recording Form: Deciduous Teeth; and Cranial and Postcranial
Measurements Recording Form: Adult Remains. Two visual dental forms were utilized without
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adaptation: Dental Inventory Visual Recording Form: Permanent Dentition; Dental Inventory
Visual Recording Form (Buikstra and Ubelaker 1994). Additional data and measurements were
added to the Microsoft Word document to record human skeletal remains to aid in osteological
and paleopathological analysis based on multiple, additional methods utilized when possible.
Individuals/Burials and associated elements were then recorded in the Commingled and
Fragmentary Remains FileMaker Pro database (Osterholtz et al. 2014).
Once data collection was complete, human skeletal remains were photographed using a
digital Canon Rebel T7i in order to document elements present, as well as each skeletal
pathology, anomaly, and/or idiosyncratism observed. Radiographs were taken of elements
suspected of exhibiting possible trauma. Data forms and copies of excavation notes were then
organized by locus, any areas within a locus (i.e. rooms/houses), and individual, and placed into
a three-ring binder. All data forms and excavation notes were then scanned into PDF files and,
with copies of all photos and FileMaker Pro databases, placed onto a flash drive to be stored by
Dr. Christopher R. DeCorse, steward of the collection. Human skeletal remains were placed in
archival quality 4-mil bags and then into plastic Rubbermaid™ containers for protection and
storage. All human skeletal remains were then stored in the Archaeological Storage Room in
Maxwell Hall at Syracuse University, Syracuse, New York.
6.2.1.2. Sorting and Curation of Commingled Remains
All human skeletal remains that could not be matched to a burial/individual were
identified and sorted according to Minimum Number of Individual (MNI) methods outlined in
Human Osteology (White et al. 2011:337-338). All elements and associated data were recorded
in the Commingled and Fragmentary Remains File Maker Pro database (Osterholtz et al. 2014).
Photographs were taken using a digital Canon Rebel T7i in order to document elements present,
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as well as each skeletal pathology, anomaly, and/or idiosyncratism observed. Radiographs were
taken of elements suspected of exhibiting possible trauma. Copies of the FileMaker Pro
databases and photographs were placed on the same flash drive as the data for the
individuals/burials mentioned previously. Human skeletal remains were then placed in archival
quality 4-mil bags and into plastic Rubbermaid™ containers for protection and storage. All
human skeletal remains were then stored in the Archaeological Storage Room in Maxwell Hall at
Syracuse University, Syracuse, New York.

6.2.2. Paleodemography
6.2.2.1. Minimum Number of Individuals (MNI)
The minimum number of individuals (MNI) was calculated using a combination of
methods. As mentioned above, elements and fragments were identified using gross
morphological observation. Reassociation was conducted using methods outlined in Human
Osteology (White et al. 2011:337-338) with reassembled individuals recorded on burial forms
and commingled remains recorded in the Commingled and Fragmentary Remains File Maker Pro
database (Osterholtz et al. 2014). Once skeletal inventory was complete, MNI was calculated
based on the most commonly represented element or section of an element (i.e. adult right
deltoid tuberosity or infant left femur). Due to the spatial and temporal differences between loci,
skeletal remains were separated by locus and MNI was estimated for each. These were then
combined to estimate the MNI for the site. If the number of reassociated burials exceeded the
number of elements/element portions identified, then the burial number was used for MNI.
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6.2.2.2. Age at Death
Age at death estimations were conducted based on known rates of growth and maturation
in nonadults, and degenerative changes to the skeletons in adults. Due to the high variability in
degenerative changes, age estimations are much more accurate for nonadults than adults. Age
estimates are provided for each individual in the skeletal assemblage.
Age estimations of subadults relied primarily on stages of dental formation and eruption
using charts reported in AlQahtani, et al. (2010). Age at death was also calculated using growth
and epiphyseal union of long bones (Baker et al. 2005; Cunningham et al. 2016; Schaefer et al.
2009).
For adults, age estimation was primarily conducted according to methods outlined in
Buikstra and Ubelaker (1994). Adult age estimations based on pubic symphyseal morphology
were recorded based on the Suchey-Brooks method (Brooks and Suchey 1990) and the Todd
method (Todd 1921), the morphology of the auricular surface of the ilium (Lovejoy et al. 1985),
and closure of cranial sutures (Meindl and Lovejoy 1985). When possible, supplemental age
estimation methods were utilized. An updated pubic symphyseal morphology system presented
by Hartnett (2010a) was used on all adults in which the Suchey-Brooks method was used. When
rib preservation was compatible, age estimation was conducted on the first rib using methods
outlined by DiGangi and colleagues (2009) and the fourth rib using methods outlined by Hartnett
(2010b).
When possible, age estimations were based on multiple indicators and individuals were
placed in categories based on age ranges. Age estimation ranges include prenatal (<40 weeks
gestation), perinatal (~40 weeks gestation), infant (birth to 2 years), child (2-15 years),
adolescent (15-20 years), and adult (>20 years) following age categories outlined in the
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Commingled and Fragmentary Remains File Maker Pro database (Osterholtz et al. 2014). The
adult age estimation range was then broken down in to three subcategories: Young Adult (20-35
years), Middle Adult (35-50 years), and Older Adult (>50 years) based on age categories utilized
by Buikstra and Ubelaker (Buikstra and Ubelaker 1994; Meindl and Lovejoy 1985). If
individuals could not be confidently assigned to one of these categories, they were placed in the
generic ‘Adult’ age group. The age categories utilized in this study are based on modern cultural
norms and standard bioarchaeological methods, they do not necessarily reflect the cultural age
categories used by the people of Elmina during the period under study.
6.2.2.3. Sex Estimation
Sex estimates were assessed on each adult in the skeletal assemblage. Sex estimates were
conducted through two methods: observation of gross morphological characteristics of sexual
dimorphism using cranial and pelvic morphological differences and osteometric categorization
using transverse and vertical femoral head measurements. Cranial and pelvic morphology
methods followed those outlined in Buikstra and Ubelaker (1994), with additional updated
cranial methods outlined by Walker (2008). Transverse and vertical femoral head measurements
were taken using sliding calipers and measured to the nearest .01 millimeter. These were used to
estimate sex following methods outlined by Asala and colleagues (1998).
Once sex estimates were complete, individuals were placed into five categories: Male,
Possible Male, Indeterminate, Possible Female, and Female. Due to the fragmentary and
incomplete nature of remains, it was difficult to estimate sex for many individuals and a
preponderance of indicators could not be achieved.
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6.2.2.4. Stature
Due to the fragmentary nature of skeletal remains in the collection, stature was estimated
using multiple methods. Skeletal measurements were taken on all relevant elements that were
intact enough to provide an accurate measurement. For example, if a tibia was fragmented, but
the required tibial plateau and medial malleolus were intact, measurements were taken. All
measurements were taken following methods outlined in Buikstra and Ubelaker (1994) using an
osteometric board, sliding calipers, and spreading calipers. Measurements taken on the
osteometric board were assessed to the nearest millimeter, measurements taken using sliding and
spreading calipers were assessed to the nearest .01 millimeter. When possible, additional
measurements, such as vertebral body height, were taken using methods outlined in Raxter et al.
(2006), an update on the Fully Method (Fully 1956).
Measurements were then used to estimate stature using methods outlined by Didia and
colleagues (2009) and FORDISC (Jantz and Ousley 2005). Didia and colleagues utilized tibial
length and regression models to establish formulae for stature estimation of Nigerians, the only
known stature estimation formulae for West Africans, and as such are the most appropriate
methods available. Tibial measurements of each adult individual with tibiae complete enough for
measurement were applied to either male or female regression formulae, based on estimated sex.
Individuals of indeterminate sex estimation had their tibial measurements applied to both male
and female regression formulae. Since the formulae created by Didia and colleagues have not
been tested on populations outside of those for whom they were created, tibial measurements
(TIBXLN) were also applied to regression formulae in FORDISC to estimate stature. Both Black
Male and Black Female formulae were used for each adult individual with tibiae complete
enough for measurement. The fragmentary nature of the remains precluded use of the Raxter
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Method to estimate stature. While measurements were taken on all nonadult skeletal remains
complete enough for measurement, stature estimations were not conducted on nonadults.

6.2.3. Dental Inventory and Analysis
6.2.3.1. Dental Inventory
A detailed dental inventory was completed for each tooth recovered. Teeth were
identified and sided using comparative samples housed in the Archaeology Laboratory at
Syracuse University as well as standard reference materials (Hillson 2002; White et al. 2011;
White and Folkens 2005). Dentition associated with reassembled burials was recorded on
standardized inventory sheets. Unassociated/commingled dentition were identified, sided, and
recorded on the relevant Commingled and Fragmentary Remains FileMaker Pro database
(Osterholtz et al. 2014). Presence, development, and wear were assessed based on methods
outlined in Buikstra and Ubelaker (1994). Dental measurements were taken using sliding calipers
and recorded to the nearest .01 millimeter. Measurements were assessed using two
complimentary methods: standardized dental measurements outlined in Buikstra and Ubelaker
(1994) and alternative dental measurements established by Hillson and colleagues (2005).
6.2.3.2. Dental Modification and Pipe Wear
Each complete tooth crown was observed for evidence of intentional dental modification
and/or pipe wear facets. The presence of intentional dental modification was recorded and
classified based on categories established by Romero and Stewart (1970). Pipe wear facets were
recorded as present/possible/absent. Pipe wear facets were considered as possible when dental
crowns exhibited potential evidence of pipe wear facets, such as curved wear, but not enough
teeth were recovered to visually observe an arch matching patterns of pipe wear facets or if wear

124

was not distinct enough as in the case of non-adults or individuals who had not been utilizing
pipes long enough for wear facets to develop.

6.2.4. Paleopathology
Pathological analysis was conducted on all individuals and commingled elements using
gross morphological observation. Markers of health and disease were assessed using standard
reference materials for both skeletal remains (Aufderheide et al. 1998; M. Lewis 2018; Ortner
2003) and dental remains (Hillson 1996; Ubelaker and Buikstra 1994). Individuals and elements
were examined for evidence of four main categories of health and nutrition as discussed in
Chapter 5: 1) Developmental Disorders and Growth Arrest Markers; 2) Nutritional Indicators; 3)
Indicators of Infectious Disease; and 4) Other Stress Indicators.
6.2.4.1. Developmental Disorders and Growth Arrest Markers
Data on developmental disorders and growth arrest markers were collected through a
variety of methods, including congenital defects and growth anomalies, adult stature estimations,
and dental development/enamel hypoplastic defects.
Developmental/congenital defects and growth anomalies were defined as any disturbance
in morphogenesis, with specific emphasis on nonlethal developmental disturbances (Barnes
1994, 2012a, 2012b). These were observed in the lab as deviations from normal human variation
when compared against comparative samples and standard reference materials (Baker et al.
2005; Scheuer and Black 2000; White et al. 2011; White and Folkens 2005).
A previous study by Renschler and DeCorse (2016) provided preliminary data on dental
development and enamel hypoplastic defects and this study continued these efforts by recording
stages on dental development as well as enamel hypoplastic defects as outlined by Buikstra and
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Ubelaker (1994). For this study, each complete tooth was observed for the presence of linear and
nonlinear enamel hypoplastic defects. Data on presence, type, number, and, when applicable,
color of enamel hypoplastic defects was recorded for each tooth. Measurements were taken for
each linear enamel hypoplastic defect using sliding calipers and recorded to the nearest .01 mm.
Due to dental wear, measurements were taken from the cemento-enamel junction. Age at stress
occurrence data were not estimated for this study due to time constraints, but may be assessed as
part of future research.
6.2.4.2. Nutritional Indicators
Data on nutritional adequacy was explored through recording evidence of metabolic
disease, primarily via vitamin and mineral deficiencies, although endocrine disorders can also
play a key role in metabolic disorders. Vitamin deficiencies such as scurvy and
rickets/osteomalacia can leave identifiable markers on the skeleton, primarily through a distinct
pattern of changes. Once each element was assessed for evidence of pathological changes, such
as abnormal porosity, periosteal reaction, and new bone formation, standardized visual skeletal
forms (Roksandic 2003) were shaded for each individual based on identification of pathological
skeletal elements/markers. Patterns of skeletal changes were then assessed for each individual.
Each identified bone of the calvarium (parietal, frontal, and occipital bones) was
examined for the presence of porotic hyperostosis. Each identified frontal bone with an intact or
fragmentary orbital region was examined for evidence of cribra orbitalia. Evidence of porotic
hyperostosis and cribra orbitalia was scored as present/absent and, if present, further scored as
unhealed (unremodeled), healing, and healed (remodeled) following criteria for identifying
porotic hyperostosis as discussed by Mensforth and colleagues (1978) and using categories laid
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out in the Commingled and Fragmentary Remains FileMaker Pro database (Osterholtz et al.
2014).
6.2.4.3. Indicators in Infectious Disease
Data on infectious disease was collected and numerous potential signs of disease states
were recorded, including dental carious lesions, periosteal reactions and osteomyelitis,
endocranial lesions, abnormal porosities, new bone growth, and skeletal lesions occurring
throughout the body. Infectious disease states such as malaria, treponemal disease, and
tuberculosis can leave identifiable markers on the skeleton, primarily through a distinct pattern of
changes. Once each element was assessed for evidence of pathological changes, standardized
visual skeletal forms (Roksandic 2003) were shaded for each individual based on identification
of pathological skeletal elements/markers. Patterns of skeletal changes were then assessed for
each individual.
Dental carious lesions were scored as present/absent and location on the tooth was
recorded following methods outlined by Buikstra and Ubelaker (1994). Dental abscesses were
recorded as present/absent and location recorded following categories outlined in Buikstra and
Ubelaker (1994).
Periosteal reaction and osteomyelitis, new bone growth, and rib lesions were recorded as
present/absent. For the purposes of statistical analysis, any notations of possible lesions were
noted as absent in the database. Periosteal reaction and new bone growth were further assessed
for location on the element (zones), extent, and healing status using categories outlined in the
Commingled and Fragmentary Remains FileMaker Pro database (Osterholtz et al. 2014).
Location recorded the area of the element on which the reaction/growth was identified and
included the position on the shaft surface, proximal or distal epiphyses, proximal or distal
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metaphyses, or multiple locations. The extent examined the amount of the element that was
affected and was recorded as Minimal (<10%), Moderate (10-30%), or Severe (>30%). Healing
was recorded as Unhealed, Healing, and Healed, and criteria for identifying porotic hyperostosis
as discussed by Mensforth and colleagues (1978) was used to assess state of healing/remodeling.
Endocranial lesions were assessed on all identified calvarial elements and recorded as
present/absent. Location of all identified endocranial lesions was then recorded and lesions were
placed into four categories: Type 1, pitted/porous lesions; Type 2, deposits of white or grey
fiber/immature new bone; Type 3, capillary formations; and Type 4, ‘hair-on-end’ formations,
based on criteria outlined by Lewis (2004).
Additional miscellaneous abnormal porosities, new bone growth, and skeletal lesions
were identified as present/absent, their location on the body recorded, and their status recorded.
Location on the body and status (healing, healed, unhealed) were recorded based on categories
outlined in the Commingled and Fragmentary Remains FileMaker Pro database (Osterholtz et al.
2014) as discussed above.
6.2.4.4. Other Stress Indicators
Stress can manifest in the skeleton in a number of additional ways, including trauma and
osteoarthritis. Data on trauma was collected through gross observation of all skeletal elements.
This information was then recorded for individuals on standardized skeletal forms and for both
individuals and commingled remains in the associated Commingled and Fragmentary Remains
FileMaker Pro database (Osterholtz et al. 2014). Any elements identified as displaying evidence
of possible trauma were then radiographed on a XPERT 80-L Specimen Radiography System
housed in the University of South Florida’s Forensic Anthropology Laboratory using 100 mA
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and 50 kV for posterior-anterior images. Trauma was recorded as present/absent, with the type of
trauma, location on the body, and healing status (unhealed, healing, healed) also noted.
All joints in the body were assessed for evidence of degenerative joint
disease/osteoarthritis using gross observation. Evidence of degenerative joint disease was scored
as present/absent, location on the body was recorded, and severity was noted following
categories outlined in the Commingled and Fragmentary Remains FileMaker Pro database
(Osterholtz et al. 2014), which include Mild, Moderate, and Severe. These categories were not
defined by Osterholtz and colleagues, so the definition for extent of pathology was used with
Mild/Minimal (<10%), Moderate (10-30%), and Severe/Extensive (>30%).
6.2.4.5. Differential Diagnosis of Specific Diseases
Differential diagnosis of multiple disease states, including scurvy, rickets,
treponematoses, tuberculosis, and malaria were attempted when possible. Individuals that
exhibited evidence of pathological states were noted and standardized visual skeletal forms
(Roksandic 2003) were shaded for each individual based on identification of pathological
skeletal elements/markers. Patterns of skeletal changes were then assessed for each individual
using a search of the existing paleopathology literature, including Ortner (2003), Aufderheide
and colleagues (1998), and other articles and texts as appropriate. Direct comparison of skeletal
pathologies and anomalies was not utilized due to time, cost, and travel constraints associated
with the Covid-19 pandemic.

6.2.5. Skeletal Frailty Index
Once identification and recording of demographic information and evidence of
paleopathology was complete, individuals were assessed and scored for frailty following the
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Skeletal Frailty Index methods outlined by Marklein and associates (Marklein and Crews 2017;
Marklein et al. 2016). The Skeletal Frailty Index was created for use by bioarchaeologists to act
as a proxy for models of frailty in living populations and is based on commonly used skeletal
biomarkers. Chosen skeletal biomarkers are assessed and recorded as a binary ‘Frailty score’
(0/1). Skeletal biomarkers are broken down into four categories: Growth, Nutrition and Infection,
Activity, and Trauma. Growth biomarkers are focused primarily on skeletal measurements and
include femoral length and femoral head diameter as proxies for stature and
growth/development. The overall femoral length for the group and overall femoral head diameter
of the group are then assessed and individuals who fall within the bottom ¼ of femoral length
and femoral head diameter receive a “1” score for each biomarker. In this study, only adult
femoral lengths and femoral head diameters were assessed in regard to the Skeletal Frailty Index.
Linear Enamel Hypoplasias are also recorded as present (1)/absent (0) to account for growth
arrest episodes. Nutrition and Infection biomarkers include Periostitis/Osteomyelitis, Periodontal
Disease, Porotic Hyperostosis/Cribra Orbitalia, Rickets/Osteomalacia, Neoplasms, and
Osteoporosis. All Nutrition and Infection biomarkers are scored as present (1)/absent (0), except
for Periostitis/Osteomyelitis which are scored as active (1)/healing (0)/healed (0). Activity
biomarkers include Osteoarthritis, Intervertebral Disc Disease, and Rotator Cuff Disorder. All
are scored as present (1) or absent (0). Finally, Trauma biomarkers consist solely of Fractures
and are recorded as present (1) or absent (0). Once all biomarkers are assessed, the scores are
totaled to provide the user with a baseline score which can be used for comparative purposes.
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6.3. Processing of Data and Statistical Tests
Data were coded into multiple Excel spreadsheets. First, all FileMaker Pro databases
were exported into Excel spreadsheets. Skeletal data for all 93 individuals was then pulled from
these databases and the standardized inventory forms and combined into a separate spreadsheet.
The aforementioned pathological data from all 93 individuals was then coded as present/absent
and any associated types or locations into a third spreadsheet and separated by individual
markers of health and disease.
Descriptive statistics such as age and sex distribution, as well as stature were calculated
for the assemblage. Each marker of health was computed for overall frequency, as well as
differences between age groups, sex groups, and loci using two-tailed Pearson’s Chi-square test
of significance and computed in SPSS 27. Frequency distributions and chi square results are
presented for the overall assemblage and subsamples with significance reported at p < .05 level
of probability. Analysis of Variance (ANOVA) tests were conducted on frailty scores with age,
sex, and locus as independent variables in SPSS 27. All datasets were tested for homogeneity of
variance and if violated, a Welch ANOVA test was conducted. If no violation occurred, a oneway ANOVA test was conducted.
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Chapter 7. Results
7.1. Minimum Number of Individuals
At least 93 individuals were recovered during excavations at Elmina, including 76
reassociated burials (Table 7.1). The highest number of individuals were recovered from Locus
A with a minimum of 32 individuals, determined by the number of reassociated burials. Locus B
contained at least 27 individuals based on the left femur shaft, and includes 15 reassociated
burials. Locus D contained 16 individuals, with the MNI calculated by the number of
reassociated burials. Locus E contained ten individuals, represented by an equal number of right
parietal fragments displaying the meningeal groove, left radius shafts, and right radius shafts.
There were 9 burials in Locus E that were able to be reassociated. Locus G contained three
individuals represented most by the left femoral head fragment displaying the fovea capitis and
included two reassociated burials. Trench A contained one reassociated burial. Remains
recovered at Veersche Schans contained three individuals, represented by the right femur.
Finally, one burial was recovered from inside the castle walls.
The minimum number of individuals was assessed using all identified elements recovered
from Elmina. The remaining analysis and results discussed in this chapter will focus on the
reassociated burials with analysis and discussion of the commingled remains to be completed at a
later date.
When broken down by locus, adults were spread across the site. Of the individuals
recovered from Locus A, 50% (n=16) were adult, including three young adults, two middle
adults, and four older adults; 3% (n=1) were adolescents; 44% (n=14) were children; and 3%
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(n=1) were infants. Individuals in Locus B included 73% (n=11) adults, including two young
adults, four middle adults, and two young adults, and 27% (n=4) children. Individuals recovered
from Locus D included 37.5% (n=6) adults, including two middle and one older adult; 12.5%
(n=2) adolescents; 44% (n=7) children; and 6% (n=1) perinatal. The population of Locus E was
comprised of 56% (n=5) adults, including one middle and one older adult; 22% (n=2) children;
and 22% (n=2) infants. The two individuals recovered from Locus G were both adults, one older
and one of indeterminate age. The individual from Trench A was a child and the individual
recovered from inside the castle walls was a young adult.
Table 7.1. Minimum Number of Individuals Based on Loci and Skeletal Markers
Locus
Reassociated
MNI
Determinant
Burials
A
32
32
Number of Burials
B
15
27
L Femur Shaft
D
16
16
Number of Burials
E
9
10
Multiple
G
2
3
L Femur Fovea Capitis
T
1
1
Number of Burials
Veersche Schans
0
3
R Femora
Castle
1
1
Burial
Total
76
93
Table 7.2. Age at Death Categories by Loci and Totals
Category
Age Range
A
B
D
E
Prenatal
<40 weeks gestation 0
0
0
0
Perinatal
~40 weeks gestation 0
0
1
0
Infant
Birth to 2 years
1
0
0
2
Child
2 to 15 years
14 4
7
2
Adolescent
15-20 years
1
0
2
0
Adult
>20 years
16 11 6
5
Young
Adult
Middle
Adult
Older Adult
Adult

G
0
0
0
0
0
2

T
0
0
0
1
0
0

Castle
0
0
0
0
0
1

Total
0
1
3
28
3
41

20-35 years

3

2

0

0

0

0

1

6

35-50 years

2

4

2

1

0

0

0

9

>50 years
Indeterminate

4
7

2
3

1
3

1
3

1
1

0
0

0
0

9
17
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7.1.1. Sex
Due to the fragmentary and incomplete nature of remains, it was difficult to estimate sex
for many individuals and a preponderance of indicators could not be achieved. Therefore, only
18 individuals, 44% of the adult assemblage, could be confidently estimated (Table 7.3). Of
those, 11% (n=2) of scored adults were estimated as male; 39% (n=7) as possibly male; 33%
(n=6) as possibly female; and 17% (n=3) as female. The remaining 56% (n=23) of adults were
scored as indeterminate. When combining male/possible male and female/possible female into
two categories, a total of 22% (n=9) males and 22% (n=9) females were estimated.
The two males were recovered from Locus B (n=1) and Locus E (n=1). Individuals
categorized as possible male were recovered from across the site with 29% (n=2) recovered from
Locus A, 43% (n=3) recovered from Locus B, 14% (n=1) recovered from Locus D, and 14%
(n=1) recovered from Locus E. Individuals categorized as possible female were recovered evenly
from Locus A (n=3) and Locus D (n=3). Individuals categorized as female were split evenly
between Locus A (n=1), Locus B (n=1), and Locus E (n=1).
Table 7.3. Sex Estimation by Loci and Totals
Sex
A
B
D
E
G/T
Male
0
1
0
1
0
Possible Male
2
3
1
1
0
Indeterminate
10 6
2
2
3
Possible Female 3
0
3
0
0
Female
1
1
0
1
0

Total
2
7
23
6
3

One of the adult males was estimated to be a young adult, while the other adult male was
not able to have a more precise age estimated (Table 7.4). Individuals estimated to be possible
male were split between middle (n=4) and older (n=3) adult. Adult possible females were spread
across the age groups with one young adult, one middle adult, three older adults, and one
possible female that could not have a more precise age estimated. Adult females were split
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between young (n=2) and middle (n=1) adults. Individuals whose sex could not be estimated
were spread across age groups with one young adult, three middle adults, and three older adults.
There were fifteen adults of indeterminate sex whose age could not be more precisely estimated.
Table 7.4. Adult Age at Death Estimation by Sex
Young Middle Older Adult
Male
1
0
0
1
Poss Male
0
4
3
0
Indeterminate
1
3
3
15
Poss Female
1
1
3
1
Female
2
1
0
0
When recovered adults are broken down by sex, age, and locus, Locus A contained one
middle and one older adult possible male; one young and two older possible females; and one
young female (Table 7.5). Individuals of indeterminate sex from Locus A were broken down into
one young, one middle, one older, and seven adults of indeterminate age. Locus B contained one
young male adult; two middle adult possible males; one older adult possible male; and one
young female. Adults of indeterminate sex included two middle adults, one older adult, and three
adults of indeterminate age. Locus D contained one middle adult possible male; one middle adult
possible female, one older adult possible female, and one possible female adult of indeterminate
age. Locus D also contained two adults of indeterminate age and sex. Locus E contained one
older adult possible male, one middle adult female, and two adults of indeterminate age and sex.
In addition, Locus G (not shown) contained two individuals of indeterminate sex: one older adult
and one adult whose age could not be more precisely estimated. Finally, the individual recovered
from inside the castle walls (not shown) was a young adult of indeterminate sex.
7.1.2. Stature
Due to the fragmentary nature of the recovered remains, only 17% (n=7) of total adults
had tibiae complete enough for length measurements (Table 7.6), including one male, one
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possible male, and five individuals of indeterminate sex. Stature data are displayed in inches in
Table 7.6 with results from both FORDISC and Didia presented. Tibial length (TIBXLN) ranged
from 342 mm to 394 mm. Stature estimation FORDISC Point Estimates ranges from 61.4 in. to
66.4 in. for Black Females and 62.2 in. to 67.5 in. for Black Males. Stature estimations
calculated using the regression formula created by Didia and colleagues ranged from 58 in. to 63
in. for females and 58 in. to 64 in. for males.
Table 7.5. Adult Age at Death Estimation by Sex and Locus
AAAABBYoung Middle Older
Ind
Young
Middle
Male
0
0
0
0
1
0
Poss
0
1
1
0
0
2
Male
Ind
1
1
1
8
0
2
Poss
1
0
2
0
0
0
Female
Female 1
0
0
0
1
0
DDDDEEYoung Middle Older
Ind
Young
Middle
Male
0
0
0
0
0
0
Poss
0
1
0
0
0
0
Male
Ind
0
0
0
2
0
0
Poss
0
1
1
1
0
0
Female
Female 0
0
0
0
0
1

BOlder
0
1

BInd
0
0

1
0

3
0

0
EOlder
0
1

0
EInd
1
0

0
0

2
0

0

0

7.2. Paleopathology
Each individual in the skeletal assemblage was examined for evidence of pathological
changes using gross observation. Several categories of pathological markers were assessed,
including developmental disorders, growth arrest markers and nutrition, infectious disease,
degenerative changes, and trauma.
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Table 7.6. Adult Stature Estimation
Burial Sex TIB
FORDISC FORDISC FORDISC FORDISC Didia et
Didia
XLN Group
Point Est
L 90%
U 90%
al. Female et al.
Male
A1
Ind 394
BF
66.4
63.8
69.1
63
64
A1
394
BM
67.5
64.9
70.2
A12
Ind 388
BF
65.9
63.2
68.5
62
63
A12
388
BM
66.9
64.3
69.5
A13
Ind 361
BF
63.2
60.6
65.9
59.5
60
A13
361
BM
64.1
61.5
66.8
A26
Ind 380
BF
65.1
62.5
67.7
61.25
62.25
A26
380
BM
66.1
63.5
68.7
A30
Ind 347
BF
61.9
59.3
64.5
58
58.5
A30
347
BM
62.7
60
65.3
B8
PM 392
BF
66.2
63.6
68.9
63.5
B8
392
BM
67.3
64.7
69.9
E6
M
342
BF
61.4
58.8
64
58
E6
342
BM
62.2
59.5
64.8
7.2.1. Evidence of Growth Disruptions and Malnutrition
Growth and nutrition data were collected through a variety of methods including enamel
hypoplastic defects, porotic hyperostosis, and cribra orbitalia.
7.2.1.1. Enamel Hypoplastic Defects
A total of 48 individuals were recovered with associated dentition and were able to be
assessed for enamel hypoplastic defects. Of individuals with associated dentition, enamel
hypoplastic defects were present in 35% (n=17) of reassociated individuals (Table 7.7). Of those,
adults accounted for 59% (n=10), children accounted for 23% (n=4), adolescents accounted for
12% (n=2), and infants accounted for 6% (n=1). Of the 17 individuals with hypoplastic defects,
15, or 88% exhibited multiple defects. Adults accounted for over half of individuals with
multiple defects (n=8; 53%). Adolescents accounted for seven percent (n=2) of individuals with
multiple defects while children accounted for 27% (n=4). A single infant was identified as
having multiple hypoplastic defects. Pearson’s chi-square test revealed that differences by age in
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the occurrence of enamel hypoplastic defects were not statistically significant at p≤.05 (5.252
df=3; p=.154).
Table 7.7. Rates of Enamel Hypoplastic Defects by Age
Present
17
Multiple
15
Absent
31
Perinatal
Infant
Child
Adolescent
Adult

0
1
4
2
10

Perinatal
Infant
Child
Adolescent
Adult

0
1
4
2
8

A total of 26 adults possessed associated dentition complete enough for observation of
enamel hypoplastic defects (Table 7.8). Of these individuals, 38% (n=10) exhibited at least one
defect with 31% (n=8) exhibiting multiple defects. When adults with hypoplastic defects are
broken down by estimated sex, males account for 10% (n=1) of adults with enamel hypoplastic
defects and 12.5% (n=1) of adults with multiple defects; possible males account for 10% (n=1)
of adults with enamel hypoplastic defects; possible females account for 30% (n=3) of adults with
enamel defects and 37.5% (n=3) with multiple defects; and females account for 20% (n=2) of
adults with enamel defects and 12.5% (n=1) with multiple defects. Adults of indeterminate sex
account for 30% (n=3) of adults with enamel defects and 37.5% (n=3) with multiple defects.
When male/possible male and female/possible female are combined, males account for 20%
(n=2) of adults with hypoplastic defects and 12.5% (n=1) of adults with multiple defects.
Females account for 50% (n=5) of adults with hypoplastic defects and 50% (n=4) with multiple
defects. Pearson’s chi-square test revealed differences in combined sex (male/female) by the
occurrence of enamel hypoplastic defects were not statistically significant at p≤.05 (2.286 df=1;
p=.131).
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Table 7.8. Rates of Enamel Hypoplastic Defects in Adults by Sex
Male Poss Male Indeterminate Poss Female
Adults without
1
4
6
2
Hypoplastic
Defects
Adults with
1
1
3
3
Hypoplastic
Defects
Adult with
1
0
3
3
Multiple Defects

Female
1
2
1

A total of 48 individuals, 63% of reassociated individuals, were recovered with at least
some associated dentition, including 56% (n=18) of individuals from Locus A, 73% (n=11) of
individuals from Locus B, 56% (n=9) individuals from Locus D, 89% (n=8) of individuals from
Locus E, 100% (n=3) of individuals from Loci G and T, and the individual recovered from inside
the castle walls (Table 7.9). Of the 17 individuals who exhibited at least one enamel hypoplastic
defect, 35% (n=6) recovered from Locus A, 24% (n=4) from Locus B, 17.5% (n=3) from both
Loci D and E, and 6% (n=1) from Locus G. Of the 15 individuals with multiple hypoplastic
defects, 33% (n=5) were recovered from Locus A; 20% (n=3) each from Loci B, D, and E; and
7% (n=1) from Locus G. Pearson’s chi-square test revealed differences in the occurrence of
enamel hypoplastic defects by locus were not statistically significant at p≤.05 (2.443 df=5;
p=.785).
Table 7.9. Rates of Enamel Hypoplastic Defects by Locus
Locus A Locus B Locus D
Individuals with
18
11
9
Associated Dentition
Individuals with
6
4
3
Hypoplastic Defects
Individuals with
5
3
3
Multiple Defects
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Locus E
8

Locus G Castle
1
1

3

1

0

3

1

0

7.2.1.2. Porotic Hyperostosis and Cribra Orbitalia
Out of the 76 reassociated individuals, 57 individuals were recovered with associated
crania that could be assessed for porotic hyperostosis (PH). Of those, 30% (n=17) exhibited
evidence of porotic hyperostosis (Table 7.10). Of individuals with identified PH, 59% (n=10)
were adults and 41% (n=7) were nonadults. Adolescents account for 28% (n=2) of non-adults
with PH, children account for 57% (n=4), and infants account for 14% (n=1). Pearson’s chisquare test revealed differences in the occurrence of porotic hyperostosis by age (adult/nonadult)
were not statistically significant at p≤.05 (.912 df=1; p=.340).
Out of the 76 reassociated individuals, 56 were recovered with associated cranial
elements that could be assessed for cribra orbitalia (CO). Sixteen individuals, or 37.5% of those
assessed, exhibited cribra orbitalia. Of those, half were adults (n=8) and half were nonadults
(n=8). Children account for 87.5% (n=7) of nonadults exhibiting CO, while one infant (12.5%)
exhibited evidence of cribra orbitalia. Pearson’s chi-square test revealed differences in the
occurrence of cribra orbitalia by age (adult/nonadult) were not statistically significant at p≤.05
(.029 df=1; p=.866).
Ten individuals, 55% of individuals with cranial porosities, exhibited both PH and CO.
Of those, 60% (n=6) were adults and 40% (n=4) were children. All non-adults exhibited
unhealed/healing cranial porosities, while all adults exhibited healed cranial porosities.
Table 7.10. Rates of Porotic Hyperostosis and Cribra Orbitalia
PH
Healed CO Healed PH & CO Healed
Present
17
16
10
Absent
40
39
Perinatal
Infant
Child
Adolescent
Adult

0
1
4
2
10

0
0
0
0
10

0
1
7
0
8

0
0
0
0
8

0
0
4
0
6
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0
0
0
0
6

When incidence of porotic hyperostosis among adults are further divided by sex, possible
males account for 40% (n=4), possible females account for 30% (n=3), and females account for
10% (n=1) of cases (Table 7.11). Adults of indeterminate sex account for 20% (n=2) of cases of
porotic hyperostosis. Possible males also account for 37.5% (n=3) of cases of cribra orbitalia.
Possible females account for 25% (n=2), females account for 25% (n=2), and people of
indeterminate sex account for 12.5% (n=1) of cases. In instances where individuals exhibit
evidence of both porotic hyperostosis and cribra orbitalia, possible males and possible females
each account for 33% (n=2) while females and individuals of indeterminate sex each account for
16.5% (n=1) of cases. None of the individuals with an estimated sex of male exhibited evidence
of either porotic hyperostosis or cribra orbitalia. When female and possible female individuals
are combined together, they account for 40% (n=4) of cases of PH, 50% (n=4) of cases of CO,
and 50% (n=3) of cases of individuals exhibiting both PH and CO. Pearson’s chi-square test
revealed differences in the occurrence of porotic hyperostosis by combined sex (male/female)
were not statistically significant at p≤.05 (.052 df=1; p=.819). Pearson’s chi-square test revealed
differences in the occurrence of cribra orbitalia by combined sex (male/female) were not
statistically significant at p≤.05 (.486 df=1; p=.486).
Table 7.11. Rates of Porotic Hyperostosis and Cribra Orbitalia by Sex
PH
CO PH&CO
Male
0
0
0
Poss Male
4
3
2
Indeterminate 2
1
1
Poss Female
3
2
2
Female
1
2
1
When divided by location with Elmina, Locus A accounts for 53% (n=9) of cases of
porotic hyperostosis, 50% (n=8) of cases of cribra orbitalia, and 50% (n=5) of cases of
individuals exhibiting both PH and CO (Table 7.12). Locus B accounts for 6% (n=1) of
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individuals exhibiting PH, 6% (n=1) of individuals exhibiting CO, and 10% (n=1) of individuals
exhibit both PH and CO. Individuals recovered from Locus D account for 24% (n=4) of
individuals exhibiting PH, 13% of individuals exhibiting CO, and 10% (n=1) of individuals
exhibiting both PH and CO. Individuals recovered from Locus E account for 17% (n=3) of
individuals exhibiting PH, 31% (n=5) of individuals exhibiting CO, and 30% (n=3) of
individuals exhibiting both PH and CO. No individuals recovered from, Locus G, Trench A, or
within the castle exhibited evidence of PH or CO.
Pearson’s chi-square test revealed differences in occurrence of porotic hyperostosis by
locus were not statistically significant at p≤.05 (5.570 df=4; p=.234). Pearson’s chi-square test
revealed differences in the occurrence of cribra orbitalia by locus were marginally significant at
p≤.05 (9.326 df=4; p=.053). Pearson’s chi-square test revealed differences in the occurrence of
both porotic hyperostosis and cribra orbitalia by locus were not statistically significant at p≤.05
(4.387 df=4; p=.356).
Table 7.12. Rates of Porotic Hyperostosis and Cribra Orbitalia by Locus
PH
CO PH & CO
Locus A 9
8
5
Locus B 1
1
1
Locus D 4
2
1
Locus E 3
5
3
7.2.1.3. Osteoporosis
Two individuals, one indeterminate adult from Locus A and one older adult from Locus
G, both of indeterminate sex, were identified as exhibiting evidence of osteoporosis; however, it
must be noted that due to restrictions associated with the Covid-19 pandemic, bone mineral
density analysis was not able to be completed.
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7.2.2. Infectious Disease
Evidence of infectious disease was collected using a variety of potential indicators of
disease states, including dental carious lesions, periosteal reactions and osteomyelitis,
endocranial lesions, abnormal porosities, new bone growth, and skeletal lesions occurring
throughout the body.
7.2.2.1. Dental Carious Lesions
Out of the 76 reassociated individuals, 50 had at least one identified associated tooth
recovered. Dental carious lesions were recorded in nine individuals, or 18% of reassociated
individuals with dentition (Table 7.13). Of those, 67% (n=6) were adults, 22% were children
(n=2), and 11% (n=1) were adolescents. The majority of carious lesions were observed at the
cemento-enamel junction (n=7), followed by the occlusal surface (n=4), and the interproximal
surfaces (n=3). Four individuals exhibited dental carious lesions on multiple surfaces. Pearson’s
chi-square test revealed differences in the occurrence of dental carious lesions by combined age
(adult/nonadult) were not statistically significant at p≤.05 (.946 df=1; p=.331).
Table 7.13. Rates of Dental Carious Lesions by Age and Tooth Location
Present
9
Absent
41
Perinatal
Infant
Child
Adolescent
Adult

0
0
2
1
6

Location
Occlusal
Interproximal
Cervical
Multiple

4
3
7
4

Of the six adults exhibiting dental carious lesions (Table 7.14), 17% (n=1) were possible
males, 33% (n=2) were individuals of indeterminate sex, 33% (n=2) were possible females, and
17% (n=1) were female. When combined, males account for 17% (n=1) of dental carious lesions
and females account for 50% (n=3). Pearson’s chi-square test revealed differences in the
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occurrence of dental carious lesions by combined sex (male/female) were not statistically
significant at p≤.05 (1.333 df=1; p=.248).
Table 7.14. Rates of Dental Carious Lesions by Sex
Male
0
Poss Male
1
Indeterminate 2
Poss Female 2
Female
1
When rates of dental carious lesions are assessed by locus (Table 7.15), individuals from
Locus A represent 22% (n=2) of those with dental carious lesions, Locus B contained 11%
(n=1), Locus D contained 44% (n=4), Locus E contained 11% (n=1), and Locus G contained
11% (n=1). Pearson’s chi-square test revealed differences in the occurrence of dental carious
lesions by locus were marginally significant at p≤.05 (10.662 df=5; p=.059).
Table 7.15. Rates of Dental Carious Lesions by Locus
Locus A
2
Locus B
1
Locus D
4
Locus E
1
Locus G
1
Additional evidence of dental infectious disease was also assessed, including antemortem
tooth loss, alveolar resorption, and abscesses (Table 7.16). Out of the 76 reassociated burials, 53
had elements complete enough to assess for additional evidence of dental infectious disease.
Thirteen individuals, 25% of assessed individuals, exhibited evidence of alveolar resorption.
Eight individuals, 15% of assessed individuals, exhibited evidence of antemortem tooth loss. All
individuals with AMTL also exhibited alveolar resorption. One individual was identified as
having a buccal abscess. This individual also had AMTL and alveolar resorption. All individuals
with alveolar resorption, AMTL, and abscesses were adults. When only adults (n=41) are
considered, alveolar resorption was observed in 32% of adults and antemortem tooth loss in
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20%. Pearson’s chi-square test revealed differences in the occurrence of alveolar resorption by
combined age (adult/nonadult) were statistically significant at p≤.05 (17.888 df=1; p<.001).
Pearson’s chi-square test revealed differences in the occurrence of antemortem tooth loss by
combined age (adult/nonadult) were statistically significant at p≤.05 (9.785 df=1; p=.002).
Table 7.16. Rates of Dental Infectious Disease by Age
Alveolar Resorption AMTL
Abscess
Present
13
8
1
Absent
40
45
52
Perinatal
Infant
Child
Adolescent
Adult

0
0
0
0
13

0
0
0
0
8

0
0
0
0
1

When assessing rates of dental infectious disease by sex (Table 7.17), possible males
account for 38.5% (n=5) of individuals with alveolar resorption and 37.5% (n=3) of individuals
with antemortem tooth loss. Individuals of indeterminate sex account for 38.5% (n=5) of
individuals with alveolar resorption and 50% (n=4) of individuals with AMTL. Possible females
account for 23% (n=3) of individuals with alveolar resorption and 12.5% of individuals with
AMTL. The single individual identified as having an abscess was of indeterminate sex.
Pearson’s chi-square test revealed differences in the occurrence of alveolar resorption by
combined sex (male/female) were not statistically significant at p≤.05 (1.000 df=1; p=.317).
Pearson’s chi-square test revealed differences in the occurrence of antemortem tooth loss by
combined sex (male/female) were not statistically significant at p≤.05 (1.333 df=1; p=.248).
Table 7.17. Rates of Dental Infectious Disease by Sex
Alveolar Resorption AMTL Abscess
Male
0
0
0
Poss Male
5
3
0
Indeterminate 5
4
1
Poss Female
3
1
0
Female
0
0
0
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When assessing rates of dental infectious disease by Locus (Table 7.18), Locus A
contained 38% (n=5) of individuals with alveolar resorption, Loci B and D each contained 23%
(n=3), and Locus E and G each contained 8% (n=1). Antemortem tooth loss (AMTL) was spread
across the site with 37.5% (n=3) of individuals recovered from Locus A exhibiting evidence of
AMTL, 25% (n=2) of individuals from Locus B, 12.5% (n=1) from Locus D, 12.5% (n=1) from
Locus E, and 12.5% (n=1) from Locus G. The single individual with a buccal abscess was
recovered from Locus G. Pearson’s chi-square test revealed differences in the occurrence of
alveolar resorption by locus were not statistically significant at p≤.05 (1.375 df=4; p=.849).
Pearson’s chi-square test revealed differences in the occurrence of antemortem tooth loss by
locus were not statistically significant at p≤.05 (2.276 df=4; p=.685).
Table 7.18. Rates of Dental Infectious Disease by Locus
Alveolar Resorption AMTL Abscess
Locus A
5
3
0
Locus B
3
2
0
Locus D
3
1
0
Locus E
1
1
0
Locus G
1
1
1
7.2.2.2. Endocranial Lesions
A total of 57 reassociated individuals had associated cranial elements recovered allowing
for analysis of endocranial lesions. Endocranial lesions were scored as present in thirteen
individuals, or 23% of assessed individuals (Table 7.19). These were spread across age groups
with two infants (15%), five children (39%), three adolescents (23%), and three adults (23%)
exhibiting evidence for endocranial lesions. When the age categories are combined, nonadults
account for 77% (n=10) of identified endocranial lesions, with 28.5% of all nonadults exhibiting
evidence of endocranial lesions. Of the four types of ELs, Type 1 was identified most with eight
individuals exhibiting this type of EL, followed closely by Type 3 with seven individuals. The
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remaining ELs were spread evenly across Type 2 (n=3) and Type 4 (n=3). Four individuals
exhibited multiple types of endocranial lesions. Pearson’s chi-square test revealed differences in
the occurrence of endocranial lesions by combined age (adult/nonadult) were statistically
significant at p≤.05 (4.571 df=1; p=.033).
Table 7.19. Rates of Endocranial Lesions by Age and Type
Present
13
Absent
44
Perinatal
Infant
Child
Adolescent
Adult

0
2
5
3
3

Type 1
Type 2
Type 3
Type 4
Multiple

8
3
7
3
4

Individuals from Locus A accounted for 46% (n=6) of those recorded as exhibiting
endocranial lesions (Table 7.20). Individuals from Locus D accounted for 39% (n=5) and
individuals from Locus E accounted for 15% (n=2). No individuals were recorded as exhibiting
endocranial lesions from Locus B, Locus G, Trench A, or the individual recovered inside the
castle walls. Pearson’s chi-square test revealed differences in the occurrence of endocranial
lesions by locus were not statistically significant at p≤.05 (8.203 df=5; p=.145).
Table 7.20. Rates of Endocranial Lesions by Locus
Locus
Individuals with EL
A
6
B
0
D
5
E
2
G/T
0
Castle
0
7.2.2.3. Periosteal Reaction, New Bone Growth, and Rib Lesions
Further evidence of cranial and postcranial infectious disease was identified in the forms
of periosteal reaction, new bone growth, and rib lesions (Table 7.21). Twenty-one percent of
reassociated individuals (n=16) exhibited periosteal reaction with 37.5% (n=6) of those being
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children and 62.5% adults (n=10). Almost 25% of adults exhibited evidence of periosteal
reaction. Pearson’s chi-square test revealed differences in the occurrence of periosteal reaction
by combined age (adult/nonadult) were not statistically significant at p≤.05 (.597 df=1; p=.440).
Thirty-six percent of reassociated individuals (n=27) exhibited new bone growth with
19% (n=5) of those children, 7% (n=2) adolescents, and 74% (n=20) adults. Almost half (49%)
of adults exhibit evidence of new bone growth. Pearson’s chi-square test revealed differences in
the occurrence of new bone growth by combined age (adult/nonadult) were statistically
significant at p≤.05 (6.828 df=1; p=.009.
Nine percent of reassociated individuals (n=7) exhibited rib lesions with 29% (n=2) of
those being children, 14% (n=1) adolescents, and 57% (n=4) adults. There are also two
additional adults who possibly exhibit rib lesions, but preservation makes assessment difficult.
Pearson’s chi-square test revealed differences in the occurrence of rib lesions by combined age
(adult/nonadult) were not statistically significant at p≤.05 (.032 df=1; p=.859).
Table 7.21.Rates of Periosteal Reaction, New Bone Growth, and Rib Lesions by Age
Periosteal Reaction New Bone Growth Rib Lesions
Present
16
27
7
Absent
60
49
69
Perinatal
Infant
Child
Adolescent
Adult

0
0
6
0
10

0
0
5
2
20

0
0
2
1
4

When rates of periosteal reaction are assessed by sex (Table 7.22), males account for
10% (n=1) of adults with periosteal reactions, possible males account for 10% (n=1), possible
females account for 30% (n=3), and individuals of indeterminate sex account for 50% (n=5).
Pearson’s chi-square test revealed differences in the occurrence of periosteal reaction by
combined sex (male/female) were not statistically significant at p≤.05 (.277 df=1; p=.599).
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Fifteen percent (n=3) of cases of new bone growth were recorded in possible males, 20%
(n=4) in possible females, 5% (n=1) in females, and 60% (n=12) in individuals of indeterminate
sex. Pearson’s chi-square test revealed differences in the occurrence of new bone growth by
combined sex (male/female) were not statistically significant at p≤.05 (.900 df=1; p=.343).
One possible male was recorded as exhibiting evidence of rib lesions, accounting for 25%
of adults with recorded rib lesions. The other 75% (n=3) were identified on individuals in which
sex could not be estimated. Pearson’s chi-square test revealed differences in the occurrence of rib
lesions by combined sex (male/female) were not statistically significant at p≤.05 (1.059 df=1;
p=.303).
Table 7.22. Rates of Periosteal Reaction, New Bone Growth, and Rib Lesions by Sex
Periosteal Reaction New Bone Growth Rib Lesions
Male
1
0
0
Poss Male
1
3
1
Indeterminate 5
12
3
Poss Female
3
4
0
Female
0
1
0
Individuals from Locus A account for 50% (n=8) of periosteal reactions, 41% (n=11) of
new bone growth, and 43% (n=3) of rib lesions from the assemblage (Table 7.23). Individuals
from Locus B account for 19% (n=3) of periosteal reactions and 19% (n=5) of new bone growth.
No individuals from Locus B exhibited evidence of rib lesions. Individuals from Locus D
account for 19% (n=3) of periosteal reactions, 22% (n=6) of new bone growth, and 29% (n=2) of
rib lesions. Individuals from Locus E account for 12% (n=2) of periosteal reactions, 11% (n=3)
of new bone growth, and 14% (n=1) of rib lesions. The individual recovered from inside the
castle walls account for 14% (n=1) of rib lesions. Individuals from Locus G/Trench A account
for 7% (n=2) of new bone growth. No individuals from Locus G/Trench A exhibited evidence of
either periosteal reaction or rib lesions.
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Pearson’s chi-square test revealed differences in the occurrence of periosteal reaction by
locus were not statistically significant at p≤.05 (1.435 df=5; p=.920). Pearson’s chi-square test
also revealed differences in the occurrence of new bone growth by locus were not statistically
significant at p≤.05 (4.828 df=5; p=.437). Finally, Pearson’s chi-square test revealed differences
in the occurrence of rib lesions by locus were not statistically significant at p≤.05 (5.951 df=5;
p=.311).
Table 7.23. Rates of Periosteal Reaction, New Bone Growth, and Rib Lesions by Locus
Periosteal Reaction New Bone Growth Rib Lesions
Locus A
8
11
3
Locus B
3
5
0
Locus D
3
6
2
Locus E
2
3
1
Locus
0
2
0
G/T
Castle
0
0
1
7.2.3. Other Stress Indicators
7.2.3.1. Degenerative Changes
Degenerative changes were primarily identified in the form of osteoarthritis and includes
all joints, such as shoulder, elbow, knee, as well as spinal degeneration.
Osteoarthritis was identified in twenty-nine individuals, or 38% of reassociated
individuals (Table 7.24). Of these, all were adults, meaning 71% of adults exhibited some form
of osteoarthritis. Adults of indeterminate age represent the highest rates with 38% (n=11) of all
cases. Older and middle adults follow at 27.5% (n=8) each, while younger adults exhibited 7%
(n=2) of identified cases. Pearson’s chi-square test revealed differences in the occurrence of
osteoarthritis by age were marginally statistically significant at p≤.05 (7.218 df=3; p=.065) and
when adults whose age could not be more precisely estimated were removed, differences in the
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occurrence of osteoarthritis by age became statistically significant at p≤.05 (6.937 df=2,
p=.031).
Table 7.24. Rates of Osteoarthritis in Adults by Age
Present
29
Absent
47
Young
Middle
Older
Adult

2
8
8
11

When rates of osteoarthritis are assessed based on sex estimation (Table 7.25), males
represent 7% (n=2) of individuals exhibiting osteoarthritis, possible males account for 21%
(n=6), possible females account for 21% (n=6), and females account for 3% (n=1). Individuals of
indeterminate sex account for 48% (n=14) of individuals exhibiting osteoarthritis. Pearson’s chisquare test revealed differences in the occurrence of osteoarthritis by sex were not statistically
significant at p≤.05 (2.730 df=2; p=.255).
Table 7.25. Rates of Osteoarthritis in Adults by Sex
Male
2
Poss Male
6
Indeterminate 14
Poss Female 6
Female
1
Individuals from Locus A account for 38% (n=11) of individuals exhibiting evidence of
osteoarthritis, Individuals from Locus B account for 28% (n=8), individuals from Locus D
account for 17% (n=5), individuals from Locus E account for 10% (n=3), and individuals from
Locus G account for 7% (n=2) of individuals exhibiting evidence of osteoarthritis (Table 7.26).
Neither of the individuals from Trench A or the castle exhibited evidence of osteoarthritis.
Pearson’s chi-square test revealed differences in the occurrence of osteoarthritis by locus were
not statistically significant at p≤.05 (6.546 df=6; p=.365).

151

Table 7.26. Rates of Osteoarthritis by Locus
Locus
Individuals with OA
A
11
B
8
D
5
E
3
G
2
T
0
Ca
0
7.2.3.2. Trauma
After analysis of radiographs, no individuals were identified as exhibiting evidence of
trauma. A single individual, Individual A1, possibly exhibits evidence of trauma of the distal
femoral growth plate. See the differential diagnosis below for an in-depth discussion.

7.2.4. Skeletal Frailty Index
Skeletal Frailty Index (SFI) scores for the assemblage ranged from 0 to 5 (Table 7.27).
The average SFI for the total sample (n=76) is 1.32 with a standard deviation of 1.349. The
single perinatal individual had a Skeletal Frailty Index of 0. Scores for the three infants were
spread evenly across 1, 2, and 3. Sixty-four percent of Children (n=18) had a SFI of 0, 25%
(n=7) had a score of 1, 7% (n=2) had a score of 2, and 4% (n=1) had a score of 3. All three
adolescents had a score of 1. When all non-adults are combined together (n=34), 59% (n=20) had
a score of 0, 29% (n=10) had a score of 1, 9% (n=3) had a score of 2, and 3% (n=1) had a score
of 3. Adults had the most variety with scores ranging from 0 to 5. Fifteen percent (n=6) had a
score of 0, 29% (n=12) had a score of 1, 24% (n=10) had a score of 2, 15% (n=6) had a score of
3, 12% (n=5) had a score of 4, and 5% (n=2) had a score of 5. The mean SFI for the adult group
(n=41) was 1.95 (sd=1.413). The mean SFI for the nonadult group (n=35) was .57 (sd=.778).
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There was a statistically significant difference between age groups (adult/nonadult) as indicated
by the Welch ANOVA (F(1,63.949)=28.842, p<.001).
When adults are separated into more precise age groups, SFI scores for young adults are
spread evenly across 0, 1, and 2. Twenty-two percent (n=2) of middle adults had a SFI score of
1, 33.5% (n=3) had a score of 2, 33.5% (n=3) had a score of 4, and 11% (n=1) had a score of 5.
Eleven percent (n=1) of older adults had a score of 1, 11% (n=2) had a score of 1, 44.5% (n=4)
had a score of 3, 22% had a score of 4, and 11% had a score of 5. Of adults whose age could not
be more precisely estimated, 22% (n=4) had a SFI score of 0, 39% (n=7) had a score of 1, 22%
(n=4) had a score of 2, and 17% (n=3) had a score of 3. The mean SFI for the young adult group
(n=6) was 1.00 (sd=.894). The mean SFI for the middle adult group (n=9) was 2.78 (sd=1.481).
The mean SFI for the older adult group (n=9) was 3.11 (sd=1.167). There was a statistically
significant difference between adult age groups (young/middle/older) as indicated by the oneway ANOVA (F(2,21)=5.668, p=.011). A Tukey post hoc test showed a significant difference
between the young and middle adult groups (p=0.33) as well as the young and older adult groups
(p=0.11). There was no significant difference between the middle and older adult groups
(p=.838).
Table 7.27. Skeletal Frailty Index by Age
0
1
2
Perinatal
1
0
0
Infant
1
1
1
Child
18
7
2
Adolescent
0
3
0
Adult
6
12
10
Young Adult
Middle Adult
Older Adult
Ind Adult

2
0
0
4

2
2
1
7

2
3
1
4

3
0
0
1
0
6

4
0
0
0
0
5

5
0
0
0
0
2

0
0
4
3

0
3
2
0

0
1
1
0
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The three individuals estimated to be male had Skeletal Frailty Index scores split evenly
across 1 and 2 (Table 7.28). Possible males had scores of 1 (28.5%, n=2), 2 (28.5%, n=2) and 4
(43%, n=3). When male and possible male are combined together (n=9), 33.3% (n=3) have a
score of 1, 33.3% (n=3) have a score of 2, and 33.3% (n=3) have a score of 4. The three
individuals estimated to be female had scores spread evenly across 0, 1, and 4. The six possible
females had scores of 2 (50%, n=3), 3 (17%, n=1), and 5 (33%, n=2). When female and possible
female are combined together (n=9), 11.1% (n=1) had a score of 0, 11.1% (n=1) had a score of 1,
33.3% (n=3) had a score of 2, 11.1% (n=1) had a score of 3, 11.1% (n=1) had a score of 4, and
22.2% (n=2) had a score of 2. Individuals whose sex could not be estimated (n=23) had scores of
0 (22%, n=5), 1 (39%, n=9), 2 (22%, n=5), and 3 (17%, n=4). The mean SFI for the combined
male group (n=10) was 2.50 (sd=1.354). The mean SFI for the combined female group (n=9)
was 2.78 (sd=1.716). There was no statistically significant difference between male and female
groups as indicated by the one-way ANOVA (F(1,17)=.155, p=.699).
Table 7.28. Skeletal Frailty Index by Sex
0
1
Male
0
1
Poss Male
0
2
Indeterminate 5
9
Poss Female
0
0
Female
1
1

2
1
2
5
3
0

3
0
0
4
1
0

4
0
3
0
0
1

5
0
0
0
2
0

Individuals from Locus A (n=32) had Skeletal Frailty Index scores of 0 (34%, n=11), 1
(28%, n=9), 2 (13%, n=4), 3 (19%, n=6) and 4 (6%, n=2) (Table 7.29). Individuals from Locus B
(n=15) had scores of 0 (33%, n=5), 1 (27%, n=4), and 2 (40%, n=6). Individuals from Locus D
(n=16) had scores of 0 (38%, n=6), 1 (31%, n=5), 2 (12.5%, n=2), 4 (6%, n=1), and 5 (12.5%,
n=2). Individuals from Locus E (n=9) had scores of 0 (33.3%, n=3), 1 (33.3%, n=3) 2 (11.1%,
n=1), and 4 (22.2%, n=2). The three individuals from Locus G/Trench A were spread evenly
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across scores of 0, 1, and 3. The single individual recovered inside the castle walls had a Skeletal
Frailty Index score of 1. The mean SFI for Locus A (n=32) was 1.34 (sd=1.310). The mean SFI
for Locus B (n=15) was 1.07 (sd=.884). The SFI for Locus D (n=16) was 1.44 (sd=1.750). The
mean SFI for Locus E (n=9) was 1.44 (sd=1.590). Finally, the mean SFI for combined Loci G,
Trench A, and the Castle burial (n=4) was 1.25 (sd=1.258). There was no statistically significant
difference between loci as indicated by the one-way ANOVA (F(4,71)=.179, p=.949).
Table 7.29. Skeletal Frailty Index by Locus
0
1
2
Locus A 11
9
4
Locus B 5
4
6
Locus D 6
5
2
Locus E 3
3
1
Loci G/T 1
1
0
Castle
0
1
0

3
6
0
0
0
1
0

4
2
0
1
2
0
0

5
0
0
2
0
0
0

7.2.5. Dental Modification and Pipe Wear
7.2.5.1. Dental Modification
Forty-eight individuals had dentition complete enough for assessment of dental
modification. Of these individuals, only two exhibited possible evidence of dental modification.
One was a young adult female from Locus B, the other a middle adult possible female from
Locus D. No individuals exhibited clear evidence of dental modification.
7.2.5.2. Pipe Wear Facets
Of the forty-eight individuals with dentition complete enough for assessment of dental
modification, six individuals exhibited evidence of pipe wear facets, all of which were adults
(Table 7.30). Four additional individuals showed evidence of possible pipe wear facets,
including two adults, one child, and one adolescent.
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Table 7.30. Pipe Wear Facets by Age
Pipe Wear Facets Possible Facets
Perinatal
0
0
Infant
0
0
Children
0
1
Adolescent 0
1
Adult
6
2
One male and two possible males exhibited evidence of pipe wear facets (Table 7.31)
with an additional possible male exhibiting possible evidence of pipe wear facets. Three
individuals of indeterminate sex exhibited evidence of pipe wear facets and one possible female
exhibited possible evidence.
Table 7.31. Pipe Wear Facets by Sex
Pipe Wear Facets
Male
1
Possible Male
2
Indeterminate 3
Possible
0
Female
Female
0

Possible Facets
0
1
0
1
0

All individuals exhibiting evidence or possible evidence of pipe wear facets were
recovered from Loci A, B, and D (Table 7.32). Thirty-three percent of individuals with evidence
(n=2) were recovered from Locus A and 67% (n=4) were recovered from Locus B. Of those
individuals exhibiting possible evidence of pipe wear facets, half (n=2) came from Locus A and
half (n=2) came from Locus D.
Table 7.32. Pipe Wear Facets by Locus
Pipe Wear Facets Possible Facets
Locus A
2
2
Locus B
4
0
Locus D
0
2
Locus E
0
0
Loci G/T
0
0
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Chapter 8. Discussion
In this chapter, I synthesize the results of the bioarchaeological study discussed above,
with the historical and archaeological evidence surrounding the lives of the inhabitants of Elmina
to assess the lived experiences of the inhabitants of Elmina town. Bioarchaeological evidence of
demography, disease and nutrition (including dental health), the Skeletal Frailty Index scores of
the inhabitants, and differences observed within and between groups are documented by the
current study. Results are discussed in the context of major sociocultural changes related to the
arrival of Europeans on the coast and interactions with the various factions that occupied the fort
at Elmina, as well as endemic diseases and those introduced to the coast of West Africa.

8.1. Minimum Number of Individuals
A minimum of 93 individuals were recovered during archaeological excavations at
Elmina; however, this is likely an underestimation (Table 8.1). For this dissertation the minimum
number of individuals was calculated based on elements recovered from each locus, but
geospatial divisions, such as structures, exist within loci. Once the analysis of commingled
remains are complete and additional MNI calculations are conducted that separate elements
based on smaller geospatial divisions, the minimum number of individuals is certain to increase.
The majority of individuals were recovered from Loci A, B, and D, areas which
correspond to the longest occupied and most densely populated areas of Elmina. These areas are
located close to the castle and would have included the market, especially during the Dutch
period (1637-1873). Some of these individuals likely represent people who lived and died during
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the Portuguese period (and possibly even some from the Late Iron Age), but most of the
individuals recovered from these areas would have lived during the Dutch occupation of Elmina.
These date ranges are based on data recovered during archaeological excavations and include
contextual information, such as stone house foundations, and artifacts recovered in association
with burials (DeCorse 2020b, 2021)
Table 8.1. MNI by Locus and Approximate Time Period.
Locus Location Description Time Period1

1

Castle Inside Elmina Castle
A
Beneath House Floors

Portuguese Period 1471-1637
Dutch Period: Circa 1637-1873

1
30

Reassociated
Burials
1
30

A
A
B
B
D
E
E
F
G
VS

British Period: Circa 1637-1873
Dutch Period: Circa 1637-1873
Dutch Period: Circa 1750-1873
British Period: Circa 1637-1873
Dutch Period: Circa 1750-1873
Dutch Period: Circa 1750-1873
British Period: Circa 1637-1873
Dutch Period: Circa 1800-1899
Dutch Period: Circa 1700-1799
Possible Pre-European Contact (Pre1471) or Dutch Period: Circa 17001799

2
1
26
1
16
9
1
0
3
3

2
1
14
1
16
8
1
0
2
0

Total
93
Dates based on chronology from Dr. Christopher R. DeCorse (2020b, 2021)

76

Masonry Tomb
Trench A
Beneath House Floors
Single Burial
Beneath House Floors
Fisherkrom
Single Burial
19th century expansion
Veersche Schans

MNI

8.2. Paleodemography
8.2.1. Age
Age at death estimates were split with an almost even number of adults and nonadults.
Given the natural population increases evidenced at Elmina during the period of Atlantic trade
(DeCorse 2008, 2021; Feinberg 1989), a higher number of nonadults, particularly infants and
children, would be expected as they are more susceptible to infectious diseases and episodes of
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malnutrition. However, a large number of peoples migrated to Elmina during the Portuguese and
Dutch periods to take advantage of the economic opportunities presented by business associated
with the trade at the fort. Presumably, many of these were adults and could account for the
relatively higher number of adults recovered. Demographic non-stationarity has been cited as an
issue in the interpretation of paleodemography (DeWitte and Stojanowski 2015; Wood et al.
1992) and the migration of peoples to Elmina must be considered.
Taphonomic processes also must be taken into account when assessing the skeletal
assemblage. The high rate of construction during the expansion of the town, as well as the 1873
bombardment and leveling of portions of the town mean that a considerable amount of
destruction has occurred at the site in the intervening years. The skeletal remains of children and
infants are more porous than adults and especially susceptible to taphonomic processes such as
the aforementioned destruction as well as environmental conditions (Schaefer et al. 2009; White
et al. 2011). Combined, these taphonomic processes likely had a major effect on the preservation
of nonadult skeletal remains contributing to the low number of nonadults recovered. Locus B
represents one of the earliest areas of the town, located near the Castelo and part of the town that
was leveled as a parade ground by the British. A significant amount of cultural deposits were
pushed to the southeast side of the locus, likely as part of the leveling of the area for use as a
parade ground. This is reflected in the skeletal record by the number of reassociated individuals
(15) vs MNI (26) as well as the ratio of adult individuals to nonadult individuals (11:4).
It should also be noted that the age of individuals is calculated based on skeletal remains
and biomarkers and reflects the biological age of an individual. The biological age may or may
not reflect age categories used by the people of Elmina as social markers. For example, the age at
which individuals from Elmina were considered adults may vary from the biological age
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category for adults (>20 years as marked by full eruption of the third molars) used in this project.
The three individuals categorized as Adolescents (15-20 years) are currently included in the
nonadult category, but Elmina social age categories may consider these individuals to be
included in the adult age category. Future research may examine, for example, how the patterns
identified in this dissertation may correlate to “social” rather than “biological” ages within the
population at Elmina (Halcrow and Tayles 2011). These types of discussions also call into
question standard bioarchaeological practices of when to estimate sex for individuals (generally
conducted only on adults), but that discussion falls outside the purview of this dissertation.

8.2.2. Sex
The current sample contains an equal number of males and females. Furthermore, males
and females were spread evenly across the site. This reflects expected sex estimation outcomes at
a permanent settlement. It should be noted, however, that sex for less than half of recovered
adults could be confidently estimated, so results cannot be extrapolated as a representation of the
entire population. Due to the small number of individuals in which sex could be estimated, it is
difficult to assess differences in age at death between sex groups and loci.

8.2.3. Adult Stature
The fragmentary nature of many of the remains precluded stature estimation of the
majority of the adult population. No analyses of other West African populations have been
conducted to allow for comparison and there is not enough data to provide patterns for
discussion; however, it is interesting to note that the Didia, et al. (2009) stature estimations for
both male and female tend to align more closely with the lower end of the FORDISC 90%
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stature estimations. Whether this is due to inaccuracy of the Didia, et al. stature estimation
formulae or the inapplicability of the FORDISC stature estimations to the population, can not be
determined at this time. The stature estimation formulae created by Didia and colleagues were
generated using a modern Nigerian population (Didia et al. 2009) while the FORDISC sample is
comprised of 19th and 20th century Black Males and Black Females from the United States of
America (Jantz and Ousley 2005). The Didia formulae use a more geographically accurate
sample, but the FORDISC sample is from a more contemporaneous time period. Historically, it
has been standard practice to use group-specific parameters (i.e. ancestry, sex) when possible to
gain a more accurate stature estimation; however, there has been some debate in forensic
anthropology and bioarchaeology about the necessity and accuracy of using group-specific
formulae and samples when estimating stature (Albanese et al. 2012, 2016; Feldesman and
Fountain 1996). With recent calls, specifically in forensic anthropology, to stop conducting
ancestry estimation as part of the biological profile (Bethard and DiGangi 2020; DiGangi and
Bethard 2021), it will be interesting to see how this may affect stature estimation in the future.

8.3. Paleopathology
8.3.1. Growth Disruption and Malnutrition
Life at Elmina changed dramatically with the arrival of Europeans on the coast and
continued throughout (and after) the takeover by the Dutch and, finally, cession to the British.
Changes in diet associated with trade and sociocultural shifts, endemic and introduced diseases
such as Guinea worms and dysenteries, conflicts brought about by factions warring over
resources and access to trade, and environmental disasters such as droughts and storms meant
access to adequate food and other resources was not always regular.
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8.3.1.1. Enamel Hypoplastic Defects
Assessment of dental enamel hypoplastic defects (Figure 8.1) serves to aid in the
assessment of systemic health of the individuals from Elmina. Findings indicate that stress
episodes were common during phases of growth and development, but adults also experienced
stress episodes as indicated by the presence of multiple hypoplastic defects on the dentition of an
infant. Based on the schedule of dental development, these stress episodes would have occurred
while the infant was in utero, meaning the adult mother would have experienced the stress
episode as well. As discussed in Chapter 5, stress episodes can occur due to a wide variety of
causes, particularly malnutrition and disease (Goodman and Rose 1990; Hillson 2002, 2014).
Women account for higher rates of enamel hypoplastic defects than their male
counterparts, but this difference is not statistically significant. There are no sociocultural
indicators for differential treatment of female adults or children. In fact, women in Akan society
often held places of honor as indicated by traditional matrilineal descent, although this changed
over time as a patrilineal descent pattern was adopted to more closely reflect that seen in
European practices. Preservation and identification bias must also be considered as possibilities
for the differences as the majority of reassociated individuals could not have sex confidently
estimated.
Individuals from across the site exhibited evidence of enamel hypoplastic defects roughly
indicating there are no differences in rates of occurrence across time periods and intrapopulation
subgroups. Previous research at Elmina (Renschler and DeCorse 2016) focused on a subsample
of burials with individuals from Loci A, E, and G. Of the individuals assessed, only individuals
from Locus A were recorded as expressing evidence of enamel hypoplastic defects, a pattern not
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seen in the current study. This difference is likely due to the larger sample size used in the
present study as well as additional access to notes and documentation that allowed for
reassociation of additional elements, including dentition.

Figure 8.1. Linear Enamel Hypoplastic Defects, Individual D4, Photo IMG_6336
8.3.1.2. Porotic Hyperostosis and Cribra Orbitalia
Approximately one third of reassociated burials exhibit evidence of porotic hyperostosis
(Figure 8.2), including a majority of adults and children. In the case of cribra orbitalia (Figure
8.3), children exhibited the most evidence, findings also reflected in past analysis of the
population (Renschler and DeCorse 2016). Incidents of porotic hyperostosis (PH) and cribra
orbitalia (CO) are spread relatively evenly across adult sex groups. When viewed spatially,
individuals from Locus A exhibited the most evidence of PH and CO with over 50% of cases of
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PH, half of all cases of CO, and half of all cases of combined PH/CO. The differences evidenced
in cases of cribra orbitalia were marginally significant.
Due to the vast number of etiologies associated with cribra orbitalia and porotic
hyperostosis, it is difficult to assess the potential causes for the rates seen in the population.
Anemias, other nutritional deficiencies, and infectious diseases are perhaps the most commonly
discussed etiologies in association with PH and CO. The pervasiveness of endemic diseases and
parasites (including dysenteries, Guinea worms, and malaria), likely contributed to the number of
cases seen at Elmina. A link between worms and anemia has been documented (Anah et al. 2008;
Layrisse and Roche 1964; Tine et al. 2013), between malaria and anemia (Klinkenberg et al.
2006; Menendez et al. 2000), and between dysenteries and nutritional deficiencies (Abolurin et
al. 2016; Chandyo et al. 2015; Khuroo et al. 2010).
Locus A is located close to the castle and during the eighteenth and nineteenth centuries
would have been the home of the settlement’s elite, as evidenced by the impressive stone
structures located in this area. These people would have been key players in the trade with
Europeans and had access to an array of trade goods. The higher rates of CO and PH in Locus A
further corroborate the wealth and access to resources that these individuals would have likely
enjoyed. As discussed in the Osteological Paradox (DeWitte and Stojanowski 2015; Wood et al.
1992), higher rates of lesions can indicate individuals who survived stress episodes meaning the
individuals recovered from Locus A may have had better access to nutritious food and health
care than individuals in other loci.
Again, it should be noted that differential preservation and excavation methods must be
taken into consideration when assessing differences between groups and loci. The preservation at
Locus A was among the best encountered during archaeological excavations and burials were
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excavated as a single feature, as opposed to unit excavation utilized in other loci, leading to
differences in recovery and documentation.

Figure 8.2. Porotic Hyperostosis, R Parietal, Individual A23, Photo IMG_7895
8.3.2. Infectious Disease
West Africa is home to a number of endemic diseases and the arrival of Europeans
introduced new diseases to the area. The population growth and urbanization of the settlement
meant more people were living closer together, a key component of disease spread.
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Figure 8.3. Cribra Orbitalia, Frontal (R Orbit), Individual A32, Photo IMG_8160
8.3.2.1. Dental Infectious Disease
Low frequencies of dental carious lesions (Figure 8.4) were recorded in the Elmina
population. Despite the frequencies observed, patterns of dental carious lesions mirror general
expectations with adults more likely to express dental carious lesions and the majority of lesions
occurring at the cemento-enamel junction. Cervical carious lesions are more commonly found in
populations that primarily subsist on a cereal agriculture rich diet and are more common among
adults than children (Hillson 2002; M. E. Lewis 2018). These patterns change as diets become
more reliant on refined sugars. The carious lesion patterns observed at Elmina align with those
expected of agricultural populations. Despite the cultural changes that occurred at Elmina with
the arrival of Europeans and the trans-Atlantic trade system, dietary practices retained traditional
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patterns with continued consumption of major local crops (such as rice, millet, and yams), as
well as a continuation in preparation methods (DeCorse 2021).
Women were more likely to have dental carious lesions than men, but the difference was
not statistically significant and may be attributed to the generally longer lifespan of females
which allows them to develop more lesions than males (Crimmins et al. 2010; DeWitte 2017;
Kim and Jazwinski 2015; Marklein and Crews 2017). Females also tend to have higher rates of
dental defects, a statistic partially attributed to the earlier eruption sequence among females
(Hillson 2002; Scheuer and Black 2000) as well as reproductive consequences (Lukacs 2017).
There was a marginally significant difference in location with individuals from Locus D
representing almost half of recorded lesions. This is an unexpected finding since individuals
from Locus D tend to be more fragmentary with fewer associated elements due to excavation
methods (a trench excavated by units with mostly arbitrary levels). Due to its proximity to the
Castle, Locus D represents one of the oldest and most intensely occupied portions of the
settlement; however, without tighter chronological dating, it is impossible to know whether the
differences seen in Locus D represent a change over time. Ongoing analysis of artifacts
associated with burials will provide more accurate dating.
Additional evidence of dental infectious disease indicates similar rates of alveolar
resorption and antemortem tooth loss; however, all cases of AMTL and alveolar resorption are
recorded in adults, an expected outcome due to the relationship between age and dental disease.
When nonadults are removed from the calculations, rates of AMTL and alveolar resorption
increase with almost a third of adults expressing alveolar resorption and one in five expressing
AMTL. Coupled with the rates of dental carious lesions and alveolar resorption, rates of AMTL
could possibly point toward a use of traditional dental hygiene practices, such as the use of
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chewing sticks (Adu-Tutu et al. 1979) as a means to relieve dental ailments encountered by the
population. This could contribute to the relatively low levels of dental carious lesions recorded in
the population. These numbers do not rule out natural loss of dentition through alveolar
resorption and more data is required to confidently make a determination.
There were no significant difference in rates of observed AMTL or alveolar resorption in
males and females or by location.
Previous research at Elmina (Renschler and DeCorse 2016) recorded no evidence for
dental carious lesions and noted antemortem tooth loss as a possible cause. Higher rates of
antemortem tooth loss were recorded in the present study. The higher rates observed in this study
are not unexpected since more individuals were assessed and access to additional notes and field
documentation allowed for reassociation of additional elements, including dentition and cranial
bones.

Figure 8.4. Dental Carious Lesions, UL, Individual D6, Photo IMG_6385
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8.3.2.2. Endocranial Lesions
Non adults are significantly more likely than adults to exhibit evidence of endocranial
lesions (Figure 8.5), a finding that corresponds with expected values, particularly if these lesions
are found to be a normal part of childhood growth (Mary E. Lewis 2004). The majority of
individuals with identified endocranial lesions were recovered from Loci A and D. These loci are
located near the castle and would have been some of the wealthier areas of the settlement during
the Dutch period which, as discussed previously, may have allowed for the individuals to survive
long enough for lesions to form. Differential preservation must also be considered, particularly in
regard to Locus A which represents some of the best preservation on the site.
The exact etiology of endocranial lesions is unknown, but trauma, nutritional
deficiencies, and infectious diseases such as tuberculosis and meningitis have all been suggested.
A lack of access to adequate nutritious foods, dysenteries, parasites, and other maladies can all
lead to nutritional deficiencies and would have been encountered by the people of Elmina. The
population increase and urbanization seen at Elmina, especially during the Dutch period, are key
components of the spread of infectious diseases in the past. There is no evidence that
tuberculosis or bacterial meningitis existed in West Africa at this time, but the paucity of data
and research mean these two diseases cannot be ruled out.
Malaria is endemic to West Africa and remains a major health problem to date. There is a
strong correlation between malaria and anemia and children are especially susceptible (Angel
1966; Centers for Disease Control and Prevention 2020a; Klinkenberg et al. 2006; Tine et al.
2013). Both pathological conditions result in inflammation of the blood vessels and meninges
which can cause endocranial lesions (Angel 1966; Gowland and Western 2012; Smith-Guzmán
2015b). It is possible that the rate of endocranial lesions observed at Elmina may be related to the
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presence of malaria in sub-Saharan West Africa. Due to the variety of etiologies associated with
endocranial lesions, it is difficult to pinpoint the exact cause of the rates observed at Elmina, but
malaria remains a strong contender. A differential diagnosis of each individual must be
conducted to rule out other possibilities.

Figure 8.5. Endocranial Lesions (Type 2), Occipital, Individual A25, Photo IMG_7971
8.3.2.3. Periosteal Reaction, New Bone Growth, and Rib Lesions
Additional evidence of infectious disease was expressed in variable rates within the
population. Approximately one in five individuals exhibited evidence of periosteal reaction
(Figure 8.6), including one in four adults. Thirty-six percent of reassociated individuals exhibited
evidence of new bone growth (Figure 8.7), including almost half of all adults. Periosteal
reactions and new bone growth occur due to a wide range of etiologies, including infection and
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trauma, and their presence in the collection indicates the people of Elmina encountered stress
episodes during their lives. Only nine percent of individuals exhibited evidence for rib lesions
(Figure 8.8), a rate likely affected by preservation. Ribs tend to not preserve as well as other
elements due to their thin cortex and fragile nature.
More adults than nonadults exhibited evidence of periosteal reaction, new bone growth,
and rib lesions, with a significant difference observed in rates of new bone growth between
adults and nonadults. These rates follow expected outcomes due to the correlation of certain
skeletal biomarkers with age. People who live longer have more time to develop skeletal lesions.
Also, children tend to be more frail and more susceptible to disease than adults, meaning they are
more likely to die before lesions can manifest on the skeleton.
There were no significant differences in rates of periosteal reaction, new bone growth, or
rib lesions between males and females at Elmina.
Individuals from Locus A account for approximately half of all cases of periosteal
reactions, new bone growth, and rib lesions, although differences in loci were not statistically
significant. As discussed previously, Locus A was likely the location of the elite area during the
Dutch period meaning individuals from this locus likely had access to more nutritious foods and
better health care. Longer life spans meant people had time to develop skeletal lesions. This area
also had some of the best preservation on the site. With more skeletal material preserved, it is
more likely that lesions will be identified during analysis.
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Figure 8.6. Periosteal Reaction, L Femur, Individual A17, Photo IMG_7344
8.3.3. Degenerative Changes
Almost three-quarters of adults exhibited evidence of osteoarthritis (Figure 8.9) with rates
of occurrence increasing with age. The high number of adults with osteoarthritis would seem
unexpected due to the number of individuals conducting trade as they often do not need to
engage in more labor-intensive activities, such as agriculture or carrying heavy loads.
Subsistence is often obtained through trade and traders with the means to do so engage laborers,
including enslaved peoples to transport goods. The presence of enslaved peoples is well
documented at Elmina and their duties included transporting trade goods, construction, and a
myriad of other activities. In addition, many of the common people who occupied Elmina during
the 15th through 19th centuries were still engaged in physically demanding professions, including
fishing, agriculture, wood crafting, construction, and resource processing, a common practice in
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West Africa during this period. Data collection methods must also be considered as contributing
to the high rate of cases. No differentiation between joints was noted in the data as all evidence
of osteoarthritis was recorded under one label.
There were no differences observed in rates of osteoarthritis between males and females.
There were also no differences noted in observed rates between loci, although it is interesting to
note that both individuals from Locus G exhibited evidence of osteoarthritis. Locus G potentially
corresponds with the ‘slave quarter’ and the potential for higher rates of degenerative changes
exist, but the sample size is so small that this data can only account for anecdotal evidence.

Figure 8.7. New Bone Growth, L Femur (Head), Individual G1, Photo IMG_9119
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Figure 8.8. Rib Lesions, Rib Fragment, Individual Ca1, Photo IMG_9226

Figure 8.9. Spinal Osteoarthritis, Cervical Vertebrae, Individual B8, Photo IMG_8482
8.3.4. Skeletal Frailty Index
As expected, a statistically significant difference in Skeletal Frailty Index scores was
recorded between adults and nonadults. Many of the skeletal biomarkers recorded are age related
and scores are expected to increase concomitantly with age. Marklein and colleagues (2017;
2016) do not include scoring nonadults as part of their Skeletal Frailty Index methods, but I
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chose to do so for two reasons: first, because there were nonadults with observable skeletal
lesions and second, because I wanted the scores to use as baseline data for future comparisons
with other populations. Furthermore, many of the individuals that are categorized as nonadults in
this research based on skeletal age may have lived and worked as adults in Elminan society
during this time period (i.e. the three individuals categorized as adolescents). The majority of
nonadults (59%) had a score of 0, but some nonadults did show evidence of skeletal lesions,
including one infant with a Skeletal Frailty Index Score of 3. In addition, nonadults tend to be
more frail than their adult counterparts, Quick acting diseases, such as smallpox and yellow
fever, kill victims before lesions have time to manifest on the skeleton and nonadults are more
susceptible.
Adults exhibited a variety of scores, including two individuals with a score of 5. Again,
this outcome was not unexpected as many of the biomarkers recorded in the SFI methods
correlate strongly with age. Scores generally increased with age, although since many adults
could not be more precisely aged, sample sizes are small, but follow expected outcomes. The two
individuals who scored a 5 were a middle and an older adult. The mean SFI score increased as
age increased, and a significant difference was observed between young and middle adults.
Females generally had higher SFI scores than their male counterparts, although not a
statistically significant difference, and the combined female group includes both of the
individuals who scored a five. This is not a surprising finding since women tend to exhibit more
‘debilitations’ than males due to the longer life span of women. In short, their longer lives mean
they have more time to encounter stress and develop skeletal lesions. Women also are generally
considered to be less frail than males with males suffering disproportionately higher rates of
diseases and more severe symptoms, including increased rates of death (DeWitte 2017).
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There were no statistically significant differences in SFI scores between loci. This finding
is not unexpected primarily due to the range of age groups represented in the individuals from
the various loci. Since we have a variety of peoples in each locus, a variety of scores is expected.
The site of Elmina represents a broad range of peoples with differential frailty and this is being
reflected in the Skeletal Frailty Index scores. The development of the Skeletal Frailty Index
scoring system is relatively recent and its use is not yet widespread, so it is difficult to compare
the people of Elmina against other groups; however, the scores observed at Elmina reflect what
would be expected in a ‘normal’ population. Adults exhibit higher scores than nonadults, women
exhibit higher scores than males, and a variety of scores is observed in the population reflecting
differential age, sex, and frailty, an expected outcome of a heterogenous population. Similar to
discussions surrounding the Osteological Paradox (Wood et al. 1992), the higher scores observed
indicate the people of Elmina are surviving stress episodes and living through hard labor,
disease, and trauma

8.3.5. Dental Modification and Pipewear
8.3.5.1. Dental Modification
Only two individuals from the collection exhibited possible evidence of dental
modification (Figure 8.9), and no individuals exhibited clear evidence. This is mainly due to the
fragmentary nature of remains. This finding corroborates observations in prior research
(Renschler and DeCorse 2016) which also found two individuals with dental modification,
although it is unknown if previous analysis identified the same two individuals.

176

Figure 8.10. Possible Dental Modification. ULI1, Individual B5, Photo IMG_8407
8.3.5.2. Pipewear
As expected, all of the individuals with positively identified pipewear facets were adults,
although one adolescent and one child exhibited possible evidence of pipewear (Figure 8.11).
Unfortunately, these two individuals did not have enough associated dentition for a positive
identification. It would certainly be an interesting finding to see evidence of nonadults with
pipewear, especially since this is a dental marker that takes time to develop. Historical
documentation (Bosman 1705:306; Feinberg 1969:47) indicates both men and women smoked.
This practice is further corroborated by the recovery of pipes and pipestems during
archaeological excavations, suggesting the use of pipes for smoking was a common practice in
the settlement.
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Only one possible female exhibited evidence of possible pipewear, with the remainder of
individuals being male/possible male or individuals of indeterminate sex. This suggests a
primarily male cultural habit of pipe smoking, but, again, historical documents indicate both
males and females smoked. The findings in this project are likely a reflection of bias due to
taphonomic factors. All of the individuals with positively identified pipewear facets were
recovered from Loci A, B, and D. This is not unexpected since these loci include the bulk of the
skeletal assemblage. This finding both supports and differs from previous research which found
individuals from Loci A, G, and E to exhibit evidence of pipewear. Dr. Renschler did not include
individuals from Loci B or D in her previous study and she may have included dentition in her
study that I placed in the commingled assemblage. Without more information, it is impossible to
know why our results differed.

Figure 8.11. Pipewear, L Mandible and Maxilla, Individual A2, Photo IMG_6736
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8.3.6. Differential Diagnosis of Select Individuals
A subsection of individuals were chosen for discussion and differential diagnosis. These
include individuals with a suite of developmental and/or pathological markers and/or individuals
that had noteworthy skeletal markers or associated artifacts. Differential diagnoses are not
absolute and represent discussions of potential diagnoses. Additional research, description, and
discussion are needed for a full differential diagnosis or to further evaluate individual
circumstances. All individuals discussed in this section were recovered from pre-1873 contexts.
There are some intrusive, post-1873 burials that exhibit interesting skeletal markers, but they are
not included in this discussion. The use of adapted Istanbul Protocol language are used in this
section in an attempt to standardize and clarify the degree of certainty with which diagnoses are
suggested (Appleby et al. 2015)

8.3.6.1. Individual A1
Individual A1 is a partially reassociated burial recovered from Locus A, Area A. They are
an adult of indeterminate sex, measuring between 63 and 64 inches tall. Individual A1 is
primarily represented by elements from the lower half including the sacrum, os coxae, femorae,
tibiae, fibulae, and elements of both feet (Figure 8.12). Portions of the left arm and torso,
including the radius, ulna, scapula (glenoid fossa), rib fragments, and L3-5 were also recovered.
The right arm and cranium were not excavated as the burial extends to the north, outside the
excavation area. Individual A1 has a Skeletal Frailty Index score of 1.
Individual A1 presents with a suite of developmental and pathological anomalies (Figure
8.13 through Figure 8.17). The right femur is anteriorly curved with a slight medial ‘twist’ that is
most pronounced at the distal end. The right femur is shorter than its antimere by 26 mm. The
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distal shaft is thicker and more rounded than that seen on the left femur. A ridge runs superiorly
from the lateral condyle and is likely an entheseal marker. The right tibia has an abnormally
straight shaft, this is especially noticeable at the tibial crest. The left tibia is curved laterally, with
the proximal half and tibial crest exhibiting the most pronounced curvature. Both fibulae express
new bone growth. On the left this was observed on the proximal anterior surface and includes
multiple bumps running along the anterior border. On the right, the new bone growth was
observed on the distal medial surface, the surface where the intraosseous membrane attaches.
The right patella also exhibited new bone growth, including bumps on both the lateral and medial
articular surfaces. Osteoarthritis was also noted in this individual with the lumbar verts and
sacral promontory exhibiting osteophytic lipping and fine porosities. The sacrum also exhibited
new bone growth on the anterior surface of the second sacral body, inferomedial to the right
anterior sacral foramina. Finally, very fine porous lesions were observed on the superficial
surface of the rib fragments.
Radiographs of both femora showed no evidence of breakage or trauma. The deformation
observed in the leg bones is highly consistent with changes resulting from a developmental
disorder originating at the distal femoral growth plate. In the case of Individual A1, most genetic
and systemic factors are not consistent with the changes observed as they tend to occur
systemically or bilaterally (National Organization for Rare Disorders 2020; Voller et al. 2020).
Deformations at the growth plate are most commonly a result of growth plate injuries sustained
in childhood or adolescence (Basener et al. 2009; Czitrom et al. 1981; Voller et al. 2020). In this
type of injury, the physeal-metaphyseal junction is affected causing a reduction in the
strengthening of the extracellular matrix. Injuries to the growth plate can cause a number of
complications, the most common of which is growth arrest due to premature growth plate closure
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resulting in limb length discrepancy and/or angular deformity. Trauma to the growth plate cannot
be ruled out on account of a lack of evidence in the radiographs. Growth plate injuries are a soft
tissue injury and, even when the growth plate is still present, would not be visible on an x-ray.
The typical skeletal manifestations of healed trauma, such as a callus, would not occur in the
case of a growth plate injury and would, therefore, also not appear on an x-ray.
Another factor that can affect the growth plate is malnutrition, often causing short stature
in malnourished individuals (Voller et al. 2020). The effects of malnutrition on growth plates
typically result in bilateral or systemic disturbance, but these are not consistent with the changes
observed in Individual A1 as they only exhibit evidence for disruption in the distal right femoral
growth plate. Rickets results in the failure of calcification in the extracellular matrix of the
growth plate, causing similar effects to trauma of the growth plate; however, rickets typically
manifests bilaterally and has diagnostic flaring and cupping of the metaphysis, also not
consistent with signs observed in Individual A1.
Many of the remaining skeletal markers observed on Individual A1 are highly consistent
with the anomalous right femur. The malformed tibiae are consistent with the result of a change
in posture and gait associated with the femoral malformation. The twist and differential length
would certainly have affected the way this individual would have stood and the way they walked.
The changes observed in the tibiae are consistent with an adaptation to the femur, allowing the
individual to ambulate. Normal growth of the foot bones indicates the individual was able to
walk and put pressure on their feet. New bone growth on the right patella and the right and left
fibulae are consistent with the malformed right femur and the change in locomotion. The
osteoarthritis observed in the lumbar vertebrae and sacrum represents a common finding in the
Elmina population and may or may not be associated with the change in gait, although it is likely
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this would have affected the lower back in some way. Finally, the new bone growth on the rib
fragment is too small and consistent with a wide range of etiologies, but is likely not directly
associated with the malformed femur.

Figure 8.12. Overview of Individual A1. Photo IMG_6661
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Figure 8.13. Right (bottom) and Left (top) femora, anterior view, Photo IMG_6681

Figure 8.14. Right (bottom) and Left (top) femora, medial view, Photo IMG_6683
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Figure 8.15. Distal Left Femur, anterior view, Photo IMG_6685

Figure 8.16. Right (bottom) and Left (top) Tibiae, anterior view, Photo IMG_6695
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Figure 8.17. Lumbar Vertebrae exhibiting osteoarthritis, inferior view, Photo IMG_6673
8.3.6.2. Individual A11
Individual A11 is a 3-4 year old child recovered from Locus A, Area O. Individual A11 is
represented by fragmentary cranial elements (including four teeth), rib fragments, a left humerus
shaft, and multiple unidentified long bone shaft fragments (Figure 8.18). Pathological markers
were recorded in multiple locations on the cranium (Figure 8.19 through Figure 8.22). The left
frontal exhibits evidence of new bone growth superior to the nasal suture and lateral to the
metopic suture; the left orbital roof contains unhealed, moderate lesions (cribra orbitalia); three
parietal bone fragments exhibit endocranial lesions (Type 2); the occipital bone also exhibits
endocranial lesions on the cruciform eminence (Type 1) and sporadically elsewhere on the
occiput (Type 2); the left sphenoid exhibits porosities on the endocranial surface of the greater
wing; and the dLLP1 displays a linear horizontal pit (brown) on the buccal surface. Individual
A11 has a SFI score of 1.
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The fragmentary nature of Individual A11 makes differential diagnosis difficult. The
cribra orbitalia, endocranial lesions, and new bone growth are all consistent with a wide range of
etiologies, including nutritional deficiencies and infectious disease. The porosities observed on
the left sphenoid, combined with widespread porosities are consistent with scurvy, but Individual
A11 is lacking elements that may aid in confirming this diagnosis, such as the remainder of the
mandible, the zygomatic, and intact ribs.

Figure 8.18. Individual A11, overview, Photo IMG_6993
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Figure 8.19. Frontal exhibiting new bone growth, Photo IMG_6998
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Figure 8.20. Left sphenoid, greater wing, exhibiting porous lesions, Photo IMG_7002
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Figure 8.21. Parietal fragments exhibiting endocranial lesions, IMG_7012

Figure 8.22. Right orbit exhibiting Cribra Orbitalia, Photo IMG_7021
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8.3.6.3. Individual A18
Individual A18 is a middle adult probable male recovered from Locus A, Area H.
Individual A18 is represented by >75% of associated elements including most of the cranium;
eight teeth; the right ulnae, radius, and humerus; the left radius and ulna; multiple rib fragments;
multiple vertebrae, including L1-5; the sacrum; right and left os coxa; the right proximal femur,
tibia, and fibula; the left femur, tibia, and fibula; and the majority of elements from both feet
(Figure 8.23). Pathological markers noted on Individual A18 include healed PH at Obelion,
alveolar resorption, AMTL (Figure 8.24), and a pit on the lunate surface of the left radius.
Individual A18 also has widespread evidence of osteoarthritis with osteophytes on the guiding
ridge of both ulnae (with a corresponding pit on the trochlea of the right humerus), ossification
and lipping around the fovea capitis of the right and left femora, and osteophytic lipping,
osteophytes, pits, and porosity present on the superior and inferior bodies of all vertebrae, as well
as the sacral promontory (Figure 8.25 through Figure 8.28). Four of the lumbar vertebrae (L2-5)
exhibit depressions on the right and left sides of the inferior bodies with matching, but less
distinct, depressions on the superior bodies of L3-sacrum (Figure 8.27). The SFI of Individual
A18 is 4.
The widespread osteoarthritis observed on Individual A18 is highly consistent with a
lifetime of hard work. Schmorl’s nodes can form on the lumbar vertebrae and sacrum when the
nucleus pulposus extrudes the cartilage disc causing lytic activity in the area of pressure (Ortner
2003); however, Schmorl’s nodes are typically focal and not observed in symmetrical fashion
across multiple vertebrae, a finding not consistent with the lesions expressed on Individual A18.
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Figure 8.23. Individual A18, overview. Photo IMG_7371

Figure 8.24. Mandible exhibiting AMTL and alveolar resorption. Photo IMG_7389
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Figure 8.25. Lumbar vertebrae exhibiting osteoarthritis, superior view. Photo IMG_7406

Figure 8.26. Lumbar vertebrae exhibiting osteoarthritis, inferior view. Photo IMG_7410
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Figure 8.27. Fifth lumbar vertebrae (L5) exhibiting bilateral depressions, inferior view. Photo
IMG_7416

Figure 8.28. Osteophytes on guiding ridge of Left Ulna, Photo IMG_7432
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8.3.6.4. Individual A24
Individual A24 is an infant (<2 years) recovered from Locus A, Area UR1. Individual 24
is represented by fragmentary remains including fragmentary cranial elements, C1, cervical
vertebrae fragments, right left clavicle fragments, right and left femora fragments, and right and
left tibiae fragments (Figure 8.29). Pathological markers observed include systemic active
porosity, with porosities observed on multiple cranial elements on the ectocranial and
endocranial (Type 1) surface, both clavicles (all surfaces), both tibiae (all surfaces), both femora
(all surfaces), and on unidentified long bone fragments (all surfaces) (Figure 8.30 through Figure
8.33). The SFI of Individual A24 is 2.
One potential etiology of the systemic porosity observed in Individual A24 is malaria.
Malaria is endemic to West Africa and has a strong correlation with anemia and associated
cranial and postcranial porosities (Bianucci et al. 2015; Smith-Guzmán 2015b; Zwang et al.
2017). The algorithm created by Smith-Guzmán (2015b) allows researchers to potentially
diagnose malaria in individuals by observing a suite of skeletal markers, including cribra
orbitalia, spinal and sacral porosities, femoral and humeral cribra, and periosteal reaction. The
systemic porosity observed on Individual A24 is consistent with those attributed to malaria, but
the observed changes lack some of the diagnostic porosities including humeral and femoral
cribra. Some of this may be attributed to preservation as much of the skeleton (including the
humeri, femoral neck/head, and orbital roofs) were not recovered and taphonomic damage
obscured other areas of potential lesions. Systemic porosity is consistent with multiple potential
etiologies and without distinctive skeletal markers cannot be definitively diagnosed. What can be
said with certainty is that this individual experienced an extensive stress episode, long enough
for systemic porosities to develop.
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Figure 8.29. Individual A24, overview. Photo IMG_7901

Figure 8.30. Cranial fragments exhibiting porosities, ectocranial surface, Photo IMG_7907
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Figure 8.31. Occipital fragments exhibiting endocranial lesions, endocranial surface, Photo
IMG_7914

Figure 8.32. Right and Left Clavicles exhibiting porosities, Photo IMG_7918
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Figure 8.33. Left Femur and Tibia, anterior view, Photo IMG_7922
8.3.6.5. Individual B5
Individual B5 is a young adult female recovered from Locus B, Area N. Individual B5 is
represented by fragmentary remains comprised primarily of the cranium (sans mandible) and
shoulder/arm elements (Figure 8.34). Pathological markers observed (Figure 8.35 through Figure
8.39) include linear enamel hypoplastic defects, osteophytes and lipping on the occipital
condyles of the occiput and the superior articular facets of C1. Both clavicles exhibit a flattened
area at the costal end of the clavicle with a bilateral costoclavicular impression, as well as pitting,
microporosity, and possible lytic activity. The left clavicle also exhibits a very deep depression at
the acromial end, anterior to the trapezoid line. Individual B5 displays cranial deformation with a

197

flattened occiput and a large wormian bone. Individual B5 also displays evidence of possible
dental modification. Individual B5 has a Skeletal Frailty Index score of 1.
Based on the cranial deformation and possible dental modification, it is likely that
Individual B5 emigrated to Elmina from elsewhere in West Africa. Neither cranial deformation
nor dental modification are seen regularly in the assemblage recovered from Elmina and
documentary evidence does not suggest this was a common practice in the area. While the
practice of cranial deformation is believed to be widespread in West Africa, documentation in
journals and professional publications is sparse with cases recorded in Borneo (Mally 2017) and
Liberia, Sudan, and the Congo (Ricci et al. 2008). It is unknown if this individual came to
Elmina as an enslaved person or of their own free will. Future research, including isotopic
analysis, may be able to confirm a nonlocal origin of this individual.

Figure 8.34. Individual B5, overview. Photo IMG_8402
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Figure 8.35. Possible Dental Modification, ULI1 and ULI2, Photo IMG_8407

Figure 8.36. Cranium showing flattened occiput, lateral view. Photo IMG_8415
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Figure 8.37. Cranium with large Wormian Bone, posterior view. Photo IMG_8411

Figure 8.38. C1 and Occipital Condyle exhibiting osteophytes and porosity. Photo IMG_8420
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Figure 8.39. Right Clavicle exhibiting flattening and depression, inferior view, Photo IMG_8428
8.3.6.6. Individual D1
Individual D1 is an individual of unknown age and sex recovered from Locus D, Area G.
This individual is represented solely by the right and left tibiae and fibulae (Figure 8.40). All
recovered elements exhibit extensive new bone deposition on all surfaces (Figure 8.41 and
Figure 8.42). In some places new bone deposition is very thick and exhibits a smooth, ‘waxy’
appearance. No evidence of a cloaca was observed. New bone deposition may also extend into
the medullary cavity, but observation was difficult. There is not enough evidence to conduct a
differential diagnosis, but changes observed in the individual are consistent with a severe, active
infection. Individual D1 has a SFI of 1.
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Figure 8.40. Individual D1, overview. Photo IMG_6281

Figure 8.41. Right Fibula, lateral view. Photo IMG_6283
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Figure 8.42. Right Fibula, close-up. Photo IMG_6288
8.3.6.7. Individual D15
Individual D15 is an adolescent, aged 14-16 years old, recovered from Locus D, in the
P/46 Trench (P/49). Of note, Individual D15 was buried with two copper objects (either two
coins or two halves of a locket) as well as 101 anested beads around their right wrist. Individual
D15 is a represented by fragmentary cranial elements, including the majority of their dentition,
right and left clavicle fragments, scapulae fragments, humeri, radii, ulnae, os coxae, femorae, and
hand elements, as well as some vertebrae and rib fragments (Figure 8.43). Pathological lesions
observed include one linear enamel hypoplastic defect, one carious lesion, severe active new
bone growth on the cruciform eminence/transverse sulcus of the occipital bone, new bone growth
on parietal fragments, multiple rib fragments with possible new bone growth, periosteal reaction
on multiple areas of the right humerus, and possible new bone growth on the superior side of the
left clavicle at the acromial end (Figure 8.44 through Figure 8.46). Individual D15 has a Skeletal
Frailty Index score of 1.
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The fragmentary nature of this individual makes differential diagnosis difficult.
Meningitis causes inflammation of the meninges, which can lead to endocranial lesions.
Meningitis is observed most often in adolescents with the most common cause being bacterial
meningitis (Kwarteng et al. 2017; Lights and Boskey 2019; Pathan et al. 2003); however, there is
no indication of bacterial meningitis occurring in West Africa during this time period. Other
infectious diseases, such as tuberculosis, as well as trauma can cause meningitis. While the
individual does have rib fragments exhibiting possible new bone growth, a finding consistent
with of tuberculosis, there is not enough evidence to diagnose tuberculosis as the cause, although
it would have existed in West Africa during this time period (Buzic and Giuffra 2020; de Jong et
al. 2010; Roberts 2011b). Malaria, an infectious disease endemic to West Africa, can have an
effect on human skeletal remains (Aikawa et al. 1990; Bianucci et al. 2015; Smith-Guzmán
2015b), but effects tend to be more resorptive with manifestation including porotic hyperostosis,
cribra orbitalia, and cribra humeri, none of which are observed in this individual. Porosities were
observed on the right humerus, but are not consistent with those expected of cribra humeri.
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Figure 8.43. Individual D15, overview. Photo IMG_6581

Figure 8.44. Occipital fragments exhibiting endocranial new bone growth. Photo IMG_6590
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Figure 8.45. Cranial fragments exhibiting endocranial lesions and new bone growth. Photo
IMG_6592

Figure 8.46. Rib fragments exhibiting new bone growth. Photo IMG_6594
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8.3.6.8. Individual E4
Individual E4 is a child (3-4 years old) recovered from Locus E, Area B. Individual E is
represented by fragmentary elements, including cranial elements, mixed dentition, the left
clavicle, right and left humeri, radii, ulnae, ilia, ischia, femora, and tibiae, as well as fragmentary
vertebrae, including C1 and S1 (Figure 8.47). Pathological markers recorded include pit enamel
hypoplastic defects (dLLC, dLRC, dLRI2), severe cribra orbitalia of the left orbit, porotic
hyperostosis at the lamdoidal suture, endocranial lesions (Type 3) on the right and left parietals
at the sagittal suture, endocranial lesions at the cruciform eminence (Type 1) and the transverse
sulcus (Type 3), endocranial lesions (Type 3) on the right and left interior squama of the
temporal, possible femoral cribra on the right and left femora, and possible humeral cribra on the
right humerus (Figure 8.48 through Figure 8.52). Individual E4 has a Skeletal Frailty Index score
of 1.
As with most of the burials described here, the fragmentary and incomplete nature of this
individual make diagnosis difficult. A number of systemic pathologies are consistent with the
skeletal markers observed, including infectious disease and malnutrition. Scurvy in particular has
the potential to manifest systemic lytic activity in affected individuals. Scurvy results in the
weakening of connective tissues which leads to hemorrhaging (Fain 2005; Mays 2008; Ortner
and Ericksen 1997). This hemorrhaging triggers inflammation and the formation of new, porous
bone. Scurvy often leaves diagnostic symmetrical evidence of periosteal inflammation and
porosity, particularly on the greater wings of the sphenoid, zygomatic, maxilla, mandible, orbital
plates, and postcranially at the joints. Individual E4 does exhibit widespread porosity, including
cribra orbitalia, but lacks some of the diagnostic markers associated with scurvy, such as porosity
on the greater wings of the sphenoid (not recovered), zygomatics, mandible, or maxilla.
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Malaria manifests similarly in the skeleton with porous and lytic activity throughout the
body, including porotic hyperostosis, cribra orbitalia, periosteal reaction, spinal and sacral
porosities, and humeral and femoral cribra (D’Souza et al. 2011; Menendez et al. 2000;
Schaeffer 2019; Setzer 2014; Smith-Guzmán 2015b). While not specifically linked to malaria,
endocranial lesions have been linked to anemia, a common side effect of malaria. Individual E4
exhibits multiple indicators consistent with malaria and anemia, including endocranial lesions,
porotic hyperostosis, cribra orbitalia, and possible humeral and femoral cribra.

Figure 8.47. Individual E4, overview. Photo IMG_8912

208

Figure 8.48. Endocranial lesions at sagittal suture, Right and Left Parietals. Photo IMG_8932

Figure 8.49. Endocranial lesions at cruciform eminence and transverse sulcus. Photo IMG_8937
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Figure 8.50. Right Temporal exhibiting endocranial lesions. Photo IMG_8944

Figure 8.51. Right Humerus exhibiting possible humeral cribra. Photo IMG_8450
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Figure 8.52. Right (bottom) and Left (top) Femora exhibiting possible femoral cribra. Photo
IMG_8956
8.3.6.9. Individual E8
Individual E8 is a child (6-7 years old) recovered from Locus E, Area C. Individual E8 is
one of the better-preserved individuals and recovered remains include most of the cranium with
mixed dentition; right and left clavicles; right scapula; right and left humeri, radii, and ulnae;
right and left ilia and ischia; right and left femora, tibiae, and fibulae; right and left hand and foot
elements; S1; some vertebrae; and rib fragments (Figure 8.53). Recorded pathological markers
include porotic hyperostosis on the right and left parietal, porosity superior to the EAM on the
right and left temporal, unhealed cribra orbitalia on the right and left orbits, porosity at the neck
of the right and left humeri, periosteal inflammation/new bone growth on the right and left ulnae,
porosity at the neck of the right and left femora, periosteal inflammation/new bone growth on the
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left tibia, and multiple rib fragments exhibits periosteal inflammation/new bone growth on the
visceral surface (Figure 8.54 through Figure 8.58). Individual E8 has a Skeletal Frailty Index
score of 2.
Previous research, as indicated by a note placed in the bag with the remains, suggest
scurvy as a potential cause for the systemic activity observed in Individual E8. The systemic,
symmetrical evidence of periosteal inflammation and porosity are consistent with patterns
observed in individuals with scurvy. One of the diagnostic features of scurvy, inflammation of
the sphenoid, was not observed in this individual, but not every individual with scurvy will
exhibit inflammation of the sphenoid. Other vitamin deficiencies, such as vitamin D deficiency
can be considered. Vitamin D deficiency causes insufficient mineralization and can lead to
growth delays and bending/deformation of bone (Brickley and Ives 2008; Brickley et al. 2005).
Individual E8 does not exhibit any evidence of bone bending or deformation.
Infectious disease can also be considered. The presence of widespread periosteal new
bone growth is consistent with multiple etiologies (Weston 2008, 2009, 2012). Malaria leads to
weakened bone formation causing a lytic effect in the skeleton (D’Souza et al. 2011; Schaeffer
2019; Smith-Guzmán 2015b). Some of the pathological markers observed in Individual E8 are
consistent with malaria, such as cribra orbitalia, porotic hyperostosis, and other areas of porosity;
however, the widespread new bone growth is not consistent with lytic activity commonly
observed in malarial infections. The treponematoses can affect the skeleton primarily through
gummatous lesions on long bones and the cranium (Baker et al. 2020; Powell and Cook 2005).
The lesions observed on Individual E8 are not consistent with any of these characteristic lesions.
The possibility also exists that Individual E8 has multiple, concomitant maladies.
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Figure 8.53. Individual E8, overview. Photo IMG_9026

Figure 8.54. Healed porotic hyperostosis on Left Parietal. Photo IMG_9032
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Figure 8.55. Porosity on Left Temporal. Photo IMG_9038

Figure 8.56. Cribra orbitalia in Right and Left orbits. Photo IMG_9044
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Figure 8.57. Porosity at neck of Left and Right Humeri. Photo IMG_9049

Figure 8.58. Periosteal Reaction on Right (bottom) and Left (top) Ulnae. Photo IMG_9051
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8.3.6.10. Individual G2
Individual G2 is an older adult of indeterminate sex recovered from Locus G. They are
represented primarily by elements from the ‘waist’ up, including right and left os coxae, humeri,
ulnae, radii, scapulae, much of the cranium and dentition, the right clavicle and right first rib,
right and left femoral neck and head, and C1-C6 (Figure 8.59). In their dentition, Individual G2
exhibits antemortem tooth loss, a buccal abscess at the root of the URM1, a dental carious lesion
on the occlusal surface of LLP4, and pipe wear on multiple teeth (Figure 8.60). They also exhibit
large porous lesions on the endocranial surface of the frontal and parietals, porosity at the base of
the zygomatic process on the right and left temporal, alveolar resorption, porosity at the neck of
both femora, and two rib fragments with possible calluses (Figure 8.61 and Figure 8.62). In
addition, Individual G2 exhibits evidence of moderate to severe spinal osteoarthritis, including
porosity, lipping, and depression on vertebral bodies, as well as osteophytes on the sacral
promontory (Figure 8.63). Individual G2 exhibits evidence highly consistent with osteoporosis,
including light weight humeri, ulnae, and radii, as well as observable thinning on the right radius,
left and right humeri, os coxae, and femora. Finally, Individual G2 has two spiky ‘balls’ of bone
medial to the mastoid process on the right temporal (Figure 8.64). Individual G2 has a Skeletal
Frailty Index Score of 3.
Individual G2 displays a number of skeletal biomarkers associated with old age,
including osteoarthritis and osteoporosis. Older adults are also more likely to have antemortem
tooth loss and dental carious lesions. The two ‘spiky’ balls of bone on the right temporal are
anomalous and, at the time of writing, I have not identified them.

216

Figure 8.59. Individual G2, overview. Photo IMG_9121
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Figure 8.60. Right Mandible exhibiting buccal abscess and pipwear. Photo IMG_9143

Figure 8.61. Porosities on endocranial surface. Photo IMG_9129
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Figure 8.62. Left and Right Temporal bones exhibiting porosity at base of zygomatic process.
Photo IMG_9139

Figure 8.63. Cervical Vertebrae exhibiting evidence of osteoarthritis. Photo IMG_9163
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Figure 8.64. Left Temporal with ‘spiky balls.’ Photo IMG_9138

8.4. Discussion/Conclusion
The patterns observed at Elmina offer some intriguing insight into the lives and health of
the people that called the settlement home. Age at death is spread across the age groups, with the
lack of representation of the youngest age groups likely due to preservation and extensive
taphonomic destruction of the site. The patterns observed at Elmina reflect a permanent
settlement in a state of growth and change. A relatively even number of males and females and
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the recovery of children likely indicates family units that called Elmina home. The relatively
higher number of adults than children suggests in-migration of peoples seeking to live in a
prosperous city. The taphonomic processes that affected the site, specifically those associated
with construction of houses, mark significant changes in the settlement brought about by the
population growth and cultural changes associated with the trans-Atlantic trade system.
The rates and location of dental carious lesions reflect an agricultural population reliant
primarily on cereal grasses. This pattern stayed consistent even after the arrival of Europeans,
further supporting previous research (DeCorse 2021) that found the people of Elmina were
adopting European goods and foods, but in ways that fit within already established cultural
systems. Almost three-quarters of adults exhibited some form of osteoarthritis indicating a
population that was engaged in occupations that were physically strenuous. This is supported by
known occupations including agricultural, animal husbandry, fishing, craft/construction, pottery
making, weaving, and carrying fresh water.
Women are more likely to exhibit evidence of skeletal pathologies, but not in significant
amounts. This is evidenced in individual pathological markers as well as in Skeletal Frailty Index
scores, which are higher in females than in males. This is likely more a reflection of the
generally longer life span of women than it is a difference in the treatment of men and women, as
well as known effects of reproduction.
Individuals from Locus A repeatedly show higher rates of skeletal biomarkers, including
cribra orbitalia, porotic hyperostosis, endocranial lesions, periosteal reaction, new bone growth,
and rib lesions. In addition, the majority of the individuals chosen for further discussion were
recovered from Locus A. Some of this data can be attributed to preservation: Locus A had some
of the best preservation observed at the site and many burials were excavated as a feature,
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allowing for more elements to be recovered and associated. It is also important to note that Locus
A represents one of the oldest and most densely populated parts of the city. During the Dutch
period, it would have been close to the market and occupied by wealthier citizens, as evidence by
the stone structures revealed during excavations. Part of the Osteological Paradox argues that
individuals with skeletal lesions lived long enough through their stress episode(s) for skeletal
biomarkers to manifest in the skeleton. The elite status of the occupants of Locus A would have
afforded them easier access to more nutritious foods, trade items, and possibly better medical
care, thus allowing individuals from Locus A to survive stress episodes, live longer, and develop
skeletal lesions.
Unfortunately, the small numbers of individuals from other Loci limit comparisons
between groups. Anecdotal evidence though paints an interesting picture. The two individuals
from Locus G, thought to potentially be the slave quarter, exhibit osteoarthritis. The single
individual with cranial deformation, Individual B5, was not recovered from Locus G. This may
mean that people are emigrating to Elmina from far enough away and/or distinct enough cultural
groups for this to be observed in the skeletal record through gross morphological observation.
These types of patterns are often only observable through methods such as isotopic analysis.
Historical sources suggest numerous types of infectious diseases affected the people of
Elmina, including endemic diseases such as yellow fever, malaria, yaws, various dysenteries, and
“Guinea worms.” In addition, contact and trade with Europeans introduced new diseases such as
the common cold and flu, as well as measles, rubella, and chicken pox. The rates of pathological
markers observed in the population from Elmina indicate the people are encountering stress
episodes, including infectious diseases. Possible evidence of specific infectious diseases such as
malaria suggest endemic diseases seen in West Africa today were just as common and virulent in
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the past. Possible evidence of infectious diseases such as meningitis offer exciting possibilities
and future avenues of research.
In sum, these numbers are clear evidence of people who are surviving stress episodes or
living for long periods of time before succumbing to diseases (i.e. malaria). The people of
Elmina lived through and adapted to changes in diet brought on by introduced foods, infectious
diseases, and other environmental stressors. They successfully navigated the arrival of Europeans
and created a system that allowed them to not only survive, but thrive in the face of vast cultural
changes.
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Chapter 9. Conclusion
9.1. Health, Stress, and African-European Interactions at Elmina
This study investigated the impacts of African-European interactions in West Africa on a
population from Elmina, Ghana using bioarchaeological methods. Elmina was the site of the first
trade fort constructed on the coast of West Africa. Over the span of more than four hundred years
following the arrival of Europeans on the coast, the coastal African settlement of Elmina was the
site of dramatic cultural, political, economic, and demographic transformations. The individuals
buried at Elmina reflect this dynamic history, embodying the impacts of interactions with
European regimes and the entrance of West Africa into a global trade system. It is within this
context that this dissertation explored three primary questions:
1. What is the skeletal and dental health of individuals from Elmina?
2. How have the individuals from Elmina embodied their lived experiences? What
differences can be observed between and within subgroups?
3. How might the impacts of European trade and interactions have affected the health of
individuals at Elmina? Is this reflected in the skeletal material present?
As discussed in Chapter 8, the skeletal remains recovered during archaeological excavations at
Elmina present a wide array of skeletal and dental markers with Skeletal Frailty Index Scores
ranging from 0 to 5. Rates and patterns of dental carious lesions observed in the population
indicate an agricultural population reliant on cereal grasses. Markers such as enamel hypoplastic
defects, porotic hyperostosis, and cribra orbitalia point toward potential nutritional deficiencies
and growth disruptions resulting from inconsistent access to nutritious foods. Biomarkers such as
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endocranial lesions, periosteal reactions, and new bone growth reveal the people of Elmina were
contracting a multitude of diseases, likely both endemic and introduced. Evidence of
osteoarthritis in the population suggests individuals were engaged in a lifetime of hard work.
Differences can be observed between groups, although not always at statistically significant
levels, with the most clear differences seen in individuals recovered from Locus A, the area of
the site occupied by more elite area of the settlement. Individuals buried in this locus display
higher rates of infectious disease and malnutrition, indicating that their status likely helped them
to survive stress episodes. Women were also more likely to display higher rates of skeletal
biomarkers, a finding likely attributed to an increased likelihood to survive to an older age and a
lower frailty.
The impacts of centuries of European trade and interaction have left an indelible mark on
the people of Elmina and their skeletal remains reflect these impacts. Introduced diseases, such
as chicken pox, measles and rubella, introduced foods and cultigens, and changes in political and
economic systems transformed the settlement at Elmina over the course of over 400 years. The
skeletal remains of Elmina’s inhabitants offer a glimpse of these changes through the buildup
and resorption of bone, wear and tear on the body, deformation, and traumatic injuries. Perhaps
the most clear picture that emerges from the skeletal remains of the people who lived at Elmina
is their ability to adapt and thrive in an ever changing world. The marks of disease and trauma
are not so much a sign of frailty and weakness as they are evidence of durability and a population
that flourished as they navigated the transformations that came with the period of the transAtlantic trade
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9.2. Significance and Suggestions for Future Research
The research conducted in this dissertation is important for a number of reasons. Most
importantly, it contains research on the largest skeletal collection studied in West Africa to date.
The sparse bioarchaeological research conducted so far on skeletal remains from the coast of
West Africa allows for ample avenues of future research, including additional research on the
skeletal remains recovered at Elmina and comparisons between the Elmina assemblage and other
assemblages throughout the world.
Furthermore, this research suggests well-known endemic diseases that exist in West
Africa today also existed there in the historic past. It provides possible evidence for the existence
of diseases that have not yet been documented in West Africa at this time. There are a number of
infectious diseases, for example bacterial meningitis and treponemal infections (including
syphilis), for which the origins and spread of the diseases are not yet fully known. The potential
of identifying some of these in the remains from Elmina would provide valuable data in
discussions surrounding their origins and spread.

9.2.1. Commingled Remains
In addition to the ninety-three individuals discussed in this dissertation, a large number of
commingled remains were also recovered during archaeological excavations. These remains
have been identified and catalogued, and paleopathological analysis has been conducted on them.
Continued analysis and publication of the results from this research are forthcoming, but beyond
the scope of this dissertation.
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9.2.2. Bioarchaeology of West Africa and the African Diaspora
This project contributes to the growing data on human skeletal remains from the African
Diaspora and the millions of people whose lives were affected by the arrival of Europeans and
the trans-Atlantic trade system, particularly the slave trade. The study of the lives and health of
the people of Elmina provides a large sample against which bioarchaeologists can compare
aspects of life, health, and disease of enslaved peoples throughout the African Diaspora. The
results discussed in this dissertation can be compared against other West African populations,
such as the research conducted thus far at Kormantse (Schaffer and Agorsah 2010). It also allows
for direct comparison of a West African population to enslaved peoples throughout the African
Diaspora, including Newton Plantation (Handler and Corruccini 1983; Handler et al. 1978;
Shuler 2005b, 2011), the New York African Burial Ground (Blakey 1998b; Null et al. 2004),
Campeche (Tiesler et al. 2010) and Lagos (Ferreira et al. 2019; Wasterlain et al. 2018).
The dirth of skeletal research from West Africa makes comparisons difficult, but further
studies are forthcoming from Kormantse (Shaffer, personal communication) and other research
projects will certainly occur in the future in additional areas of West Africa. These studies will
allow for comparisons against living conditions and rates of malnutrition, infectious disease, and
trauma in various groups along the coast of West Africa. As bioarchaeological studies spread
inland, comparisons
Comparisons between the Elmina population and populations throughout the African
Diaspora, particularly enslaved populations, can aid in the goal of better understanding the
severe stresses and trauma that enslaved people endured. This is especially true in the Caribbean,
where conditions endured by enslaved people were so harsh that enslaved people died at a faster
rate than natural reproduction could replace their numbers (Shuler 2005a, 2011). Perhaps one of
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the most striking findings from the research conducted at Newton Plantation in Barbados is the
exceptionally low life expectancy of enslaved peoples, especially in light of the low numbers of
nonadults in the sample (Shuler 2005a, 2011). This is in direct contrast to the results seen at
Elmina, which include individuals of all age groups, including nonadults and older adults. There
is also a distinct difference in the rates of trauma observed in the populations with Newton
Plantation exhibiting much higher levels of traumatic injuries. Individuals from Elmina exhibit
higher rates of skeletal lesions and porosities than those at Newton Plantation, a statistic certain
attributed to the longer life spans of the people from Elmina.
Similar comparisons can be made against other enslaved populations. Individuals from
the New York African Burial Ground (Null et al. 2004) exhibited high rates of porotic
hyperostosis and cribra orbitalia. They also exhibited evidence of specific infections, including
treponematoses, an infectious disease endemic to West Africa and potentially displayed in the
population from Elmina. High rates of porotic hyperostosis were observed in the population from
Campeche (Tiesler et al. 2010) and a paucity of older adults was noted, again suggesting difficult
living conditions may have shortened the life span of some individuals. In addition to
osteological indicators, treatment of individuals can be observed in other ways, including burial
patterns. The individuals recovered from the settlement at Elmina were respectfully buried in
house floors, presumably their familial homes. This pattern is in direct opposition to that seen in
Lagos, Portugal, where the bodies of enslaved peoples were inhumed in a burial ground that was
later turned into a dump.

228

9.2.3. Testing for Evidence of Black Death and other Diseases
Another intriguing avenue of potential research is further evaluation of infectious
diseases present at Elmina. Today, West Africa is home to an array of endemic diseases causing
virulent outbreaks and high numbers of deaths, including treponemal diseases and bacterial
meningitis, but much about the origin of these infectious diseases remains a mystery. The
recovery of ancient DNA from dental calculus is an exciting and cutting-edge method for
learning about the spread of disease in the past. Dental calculus from individuals from both preand post-European contact collections from Elmina, Ghana can be tested for evidence of
bacterial DNA providing a means to assess diseases present before and after the arrival of
Europeans, and the potential changes they brought. The analysis of dental calculus from the precontact remains provides a rare opportunity to test for direct evidence of past epidemics, such as
the Black Plague. Recent archaeological work has argued for the presence of the Black Plague in
sub-Saharan Africa, but no direct evidence has so far been found.

9.3. Positionality and Repatriation
As a white, cisgender, heterosexual female, I am aware of the privilege in my position
and the opportunities it has afforded me, including the ability to attend a graduate program and
earn my degree. As a white woman, I feel it is my duty as an ally and accomplice to use my
position of privilege to expand archaeological and bioarchaeological research into undervalued
areas and to conduct research in collaboration with the descendant communities and with a full
focus on their interests and questions. True collaboration requires engagement with descendant
communities from the planning stages.
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To that end, the research conducted in this dissertation has been completed with
permission from the Ghana Museums and Monuments Board and the local community. In
addition, all future research will be conducted with permission from, and in collaboration with,
the Ghana Museums and Monuments Board and the local community. The Museum Board has
granted Dr. Christopher R. DeCorse stewardship over the remains and excavated materials to
conduct research until such a time as the infrastructure exists within Ghana for repatriation and
curation of the materials.
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Appendix A. Data Collection Form Adult
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Elmina
Locus: _____
Area: _____
Unit: ______ Level(s): _____
Unit: ______ Level(s): _____
Unit: ______ Level(s): _____
Other provenience information: ______________
Overall Skeletal Completeness: __________

Burial #: ___________
Age: __________
Sex: __________
Stature: _________
Pathology?: _______
Cu Staining? _________
Pipewear? _________

Form Completion (Completed section denoted by checkmark)
Visual Form: _____
Skeletal Inventory: _____
Cranial Measurements: _____
Postcranial Measurements: _____
Dental Visual Form: _____
Dental Pathology: _____
Dental Measurements, Development, and Wear: _____
Dental Modification: _____
Type: _____
Paleopathology Form: _____
Additional Paleopathology Forms? _____
Skeletal Frailty Index Score: _____

Number of Additional Forms: _____

Samples Taken: _____
FMP Record Numbers:
Summary Sheet: __________
Vertebra: __________
Os Coxa: __________
Feet: __________

Cranial: __________
Shoulder: __________
Leg: __________

Dental: __________
Arm: __________
Hand: __________

Additional Comments and Notes
______________________________________________________________________________
______________________________________________________________________________
______________________________________________________________________________
______________________________________________________________________________
______________________________________________________________________________
______________________________________________________________________________
______________________________________________________________________________
______________________________________________________________________________
______________________________________________________________________________
______________________________________________________________________________
______________________________________________________________________________
______________________________________________________________________________
______________________________________________________________________________
______________________________________________________________________________
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Recorded as L/R (when paired); Completeness 100%, 75%, 50%, 25%; Blank means Not Present

Frontal ______
Parietal ___/___
Occipital _____
Temporal ___/___
TMJ ___/___
Clavicle ___/___
Scapula ___/___
Glenoid fossa ___/___
Patella ___/___
Vertebrae (Individual)
C1 _____
C2 _____
Ribs (Individual)
1st ___/___
2nd ___/___
11th ___/___
12th ___/___

L. Humerus
R. Humerus
L. Radius
R. Radius
L. Ulna
R. Ulna
L. Femur
R. Femur
L. Tibia
R. Tibia
L. Fibula
R. Fibula

Cranial Bones and Joint Surfaces
Sphenoid _____
Ethmoid _____
Zygomatic ___/___
Nasal ___/___
Maxilla ___/___
Vomer _____
Palatine ___/___
Inf. Nasal Concha ___/___
Mandible ___/___
Postcranial Bones and Joint Surfaces
Sacrum ___/___
Pubis ___/___
Coccyx ___/___
Acetabulum ___/___
Ilium ___/___
Auric. Surface ___/___
Ischium ___/___
Pubic Symphysis ___/___
Vertebrae (Grouped [#Present/#Complete])
Cervical (3-7) ___/___
Thoracic (1-12) ___/___
Lumbar (1-5) ___/___
Ribs (Grouped [#Present/#Complete])
3-10 L___/___
R___/___
Unsided ___/___
Manubrium ______
Sternal Body ______

Long Bones
Proximal 1/3 Middle 1/3
Distal 1/3
_____
_____
_____
_____
_____
_____
_____
_____
_____
_____
_____
_____
_____
_____
_____
_____
_____
_____
_____
_____
_____
_____
_____
_____
_____
_____
_____
_____
_____
_____
_____
_____
_____
_____
_____
_____
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Complete
_____
_____
_____
_____
_____
_____
_____
_____
_____
_____
_____
_____

Xyphoid ____

Recorded as L/R (when paired); Completeness 100%, 75%, 50%, 25%; Blank means Not Present

Scaphoid ___/___
Lunate ___/___
Triquetral ___/___
MC1 ___/___
MC5 ___/___
Talus ___/___
Calcaneus ___/___
Cuboid ___/___
MT1 ___/___
MT5 ___/___

Hand
Pisiform ___/___
Trapezium ___/___
Trapezoid___/___
MC2 ___/___
MC3___/___
No. Phalanges _____

Capitate ___/___
Hamate ___/___
MC4 ___/___

Foot
Navicular ___/___
Lateral (3rd) Cun. ___/___
Medial (1st) Cun. ___/___
Intermed. (2nd) Cun. ___/___
MT2 ___/___
MT3___/___
No. Phalanges _____

MT4 ___/___

Comments: ____________________________________________________________________
______________________________________________________________________________
______________________________________________________________________________
______________________________________________________________________________
______________________________________________________________________________
______________________________________________________________________________
______________________________________________________________________________
______________________________________________________________________________
______________________________________________________________________________
______________________________________________________________________________
______________________________________________________________________________
______________________________________________________________________________
______________________________________________________________________________
______________________________________________________________________________
______________________________________________________________________________
______________________________________________________________________________
______________________________________________________________________________
______________________________________________________________________________
______________________________________________________________________________
______________________________________________________________________________
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Cranial Measurements (Standards pgs. 74- 78; Markers 71-73)
1. Maximum Cranial Length: _____
18. Interorbital Breadth: _____
2. Maximum Cranial Breadth: _____
19. Frontal Chord: _____
3. Bizygomatic Diameter: _____
20. Parietal Chord: _____
4. Basion-Bregma Height: _____
21. Occipital Chord: _____
5. Cranial Base Lengeth: _____
22. Foramen Magnum Length: _____
6. Basion-Prosthion Length: _____
23. Foramen Magnum Breadth: _____
7. Maxillo-Alveolar Breadth: _____
24. Mastoid Length: _____
8. Maxillo-Alveolar Length: _____
25. Chin Height: _____
9. Biauricular Breadth: _____
26. Height of Mandibular Body: _____
10. Upper Facial Height: _____
27. Breadth of Mandibular Body: _____
11. Min. Frontal Breadth: _____
28. Bigonial Width: _____
12. Upper Facial Height: _____
29. Bicondylar Breadth: _____
13. Nasal Height: _____
30. Min. Ramus Breadth: _____
14. Nasal Breadth: _____
31. Max. Ramus Breadth: _____
15. Orbital Breadth: _____
32. Ma. Ramus Height: _____
16. Orbital Height: _____
33. Mandibular Length: _____
17. Biorbital Breadth: _____
34. Mandibular Angle: _____
Postcranial Measurements (Standards pgs. 79- 84)
35. Clavicle: Max Length: _____
57. Os Coxae: Iliac Breadth: _____
36. Clavicle: A-P Dia. at Midshaft: _____
58. Os Coxae: Pubis Length: _____
37. Clavicle: S-I Dia at Midshaft: _____
59. Os Coxae: Ischium Length: _____
38. Scapula: Height: _____
60. Femur: Max Length: _____
39. Scapula: Breadth: _____
61. Femur: Bicondylar Length: _____
40. Humerus: Max Length: _____
62. Femur: Epicondylar Breadth: _____
41. Humerus: Epicondylar Breadth: _____
63. Femur: Max Dia of Head: _____
42. Humerus: Vertical Dia of Head: _____
64. Femur: A-P Subtrochanteric Dia: _____
43. Humerus: Max Dia. at Midshaft: _____
65. Femur: M-L Subtrochanteric Dia: _____
44. Humerus: Min Dia at Midshaft: _____
66. Femur: A-P Midshaft Dia: _____
45. Radius: Max Length: _____
67. Femur: M-L Midshaft Dia: _____
46. Radius: A-P Dia at Midshaft: _____
68. Femur: Midshaft Circumference: _____
47. Radius: M-L Dia at Midshaft: _____
69. Tibia: Length: _____
48. Ulna: Max Length: _____
70. Tibia: Max Prox Epiphyseal Breadth: __
49. Ulna: A-P Dia: _____
71. Tibia: Max Distal Epiphyseal Breadth: _
50. Ulna: M-L Dia: _____
72. Tibia: Max Dia. at Nutrient Foramen: __
51. Ulna: Physiological Length: _____
73. Tibia: M-L Dia at Nutrient Foramen: __
52. Ulna: Minimum Circumference: _____
74. Tibia: Circumf at Nutrient Foramen: ___
53. Sacrum: Anterior Length: _____
75. Fibula: Max. Length: _____
54. Sacrum: Anterior Superior Breadth: _____
76. Fibula: Max Dia at Midshaft: _____
55. Sacrum: Max Transverse Dia of Base: _____ 77. Calcaneus: Max Length: _____
56. Os Coxae: Height: _____
78. Calcaneus: Middle Breadth: _____
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Sex Estimation
Cranial
Standards (pg. 20-21): L / M / R
Nuchal Crest (1-5): ____/____/____
Mastoid Process (1-5): ____/____/____
Supraorbital Margin (1-5): ____/____/____
Glabella (1-5): ____/____/____
Mental Eminence (1-5): ____/____/____
Estimated Sex (0-5) ______

Walker, 2008 (pg. 41-42): L / M / R
Nuchal Crest (1-5): ____/____/____
Mastoid Process (1-5): ____/____/____
Supraorbital Margin (1-5): ____/____/____
Glabella (1-5): ____/____/____
Mental Eminence (1-5): ____/____/____
Estimated Sex (0-5) ______

Pelvis
Standards (pg. 16-19) L / R
Ventral Arc (1-3): _____/_____
Subpubic Concavity (1-3): _____/_____
Ischiopubic Ramus (1-3): _____/_____
Greater Sciatic Notch (1-5): _____/_____
Preauricular Sulcus (0-4): _____/_____
Femoral Head
Asala, et al., 1998 (pg. 235)
Vertical Diameter: _____
Estimated Sex: _____

Transverse Diameter: ____

Comments: ____________________________________________________________________
______________________________________________________________________________
______________________________________________________________________________
______________________________________________________________________________
______________________________________________________________________________
______________________________________________________________________________
______________________________________________________________________________
______________________________________________________________________________
______________________________________________________________________________
______________________________________________________________________________
______________________________________________________________________________
______________________________________________________________________________
______________________________________________________________________________
______________________________________________________________________________
______________________________________________________________________________
______________________________________________________________________________
______________________________________________________________________________
______________________________________________________________________________
______________________________________________________________________________
______________________________________________________________________________
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Age Estimation
Standards (pg. 22-32) 33-38
Pubic Symphysis
L
R
Todd (1-10)
_____ _____
Suchey-Brooks (1-6) _____ _____
Suture Closure (pg 33-38)
External Cranial Vault
1. Midlambdoid: _____
2. Lambda: _____
3. Obelion: _____
4. Anterior Sagittal: _____
5. Bregma: _____
6. Midcoronal: _____
7. Plerion: _____
8. Sphenofrontal: _____
9. Inf. Sphenotemporal: _____
10. Sup. Sphenotemporal: _____

L
R
Auricular Surface (1-8) _____ ____

Palate
Internal Cranial Vault
11. Incisive: _____
15. Sagittal: _____
12. A-M Palatine: _____
16. Left Lambdoid: _____
13. P-M Palatine: _____
17. Left Coronal: _____
14. Transverse Palatine: _____
Estimated Age: Young Adult (20-35 years)
Middle Adult (35-50 years)
Old Adult (50+ years)

AlQahtani et al., 2010 (p485): Dentition

Age Estimate: __________

DiGangi, et al 2009 (pg. 170-175): First Rib
Costal Face: Geometric Shape (Stage 1-5): ______
Tubercle Facet: Surface Texture: (Stage 1-4): _____

Age Estimate (95%): __________
Age Estimate (50%): __________

Hartnett 2010a (pg. 1147-1148; 1151): Pubic Bone
Phase: ______

Hartnett 2010b (1154; 1156): Sternal End of 4th Rib
Phase: _______

Age Estimation Mean:_________
Age Estimation Range:_________

Age Estimation Mean: _________
Age Estimation Range: _________

Comments: ____________________________________________________________________
______________________________________________________________________________
______________________________________________________________________________
______________________________________________________________________________
______________________________________________________________________________
______________________________________________________________________________
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Stature
Raxter, et al., 2006 (pg. 378; 382-383)
1. Cranial Height: _____
2. Cervical Verts: 2nd:_____; 3rd:_____; 4th:_____; 5th: _____; 6th: _____; 7th: _____
3. Thoracic Verts: 1st: _____; 2nd: _____; 3rd: _____; 4th: _____; 5th: _____; 6th: _____; 7th: ____
8th: _____; 9th: _____; 10th: _____; 11th: _____; 12th: _____
4. Lumbar Verts: 1st: _____; 2nd: _____; 3rd: _____; 4th: _____; 5th:_____
5. 1st Sacral Vert: _____
6. Femoral Physiological Length: _____
7. Tibial Length: _____
8. Talus-Calcaneus Height: _____
Skeletal Height: _____
Living Stature= 0.996 X Skeletal Height + 11.7 +/- (4.37 [BF] or 5.75 [BM])= ______________
FORDISC (output attached)
Stature Estimation: ________
Didia, et al., 2009 (pg. 21)
Male Stature Estimation= 46.8421 + 2.9289(tibia length _____) = _________
Female Stature Estimation= -190.42 + 95.191(ln (tibia length _____)) = __________
Comments: ____________________________________________________________________
______________________________________________________________________________
______________________________________________________________________________
______________________________________________________________________________
______________________________________________________________________________
______________________________________________________________________________
______________________________________________________________________________
______________________________________________________________________________
______________________________________________________________________________
______________________________________________________________________________
______________________________________________________________________________
______________________________________________________________________________
______________________________________________________________________________
______________________________________________________________________________
______________________________________________________________________________
______________________________________________________________________________
______________________________________________________________________________
______________________________________________________________________________
______________________________________________________________________________
______________________________________________________________________________
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Dental Measurements, Development, and Wear (Standards pg. 47-55)
Maxillary Right
Tooth
I1
I2
C
PM1
PM2
M1
M2
Presence
Development
Wear
__|__
__|__
|
|
Wear Total
Caries (1-7)
Abscesses (1-2)
Calculus (0-3)
Mesiodistal Diameter
Buccolingual Diameter
Crown Height
Max MD Crown Dia.
Max BL Crown Dia
MD Cervical Dia
BL Cervical Dia
MB-DL Crown Dia
ML-DB Crown Dia
MB-DL Cervical Dia
ML-DB Cervical Dia
Maxillary Left
Tooth
Presence
Development
Wear

I1

I2

C

Wear Total
Caries (1-7)
Abscesses (1-2)
Calculus (0-3)
Mesiodistal Diameter
Buccolingual Diameter
Crown Height
Max MD Crown Dia.
Max BL Crown Dia
MD Cervical Dia
BL Cervical Dia
MB-DL Crown Dia
ML-DB Crown Dia
MB-DL Cervical Dia
ML-DB Cervical Dia
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PM1

PM2

M3
__|__
|

M1

M2

M3

__|__
|

__|__
|

__|__
|

Dental Measurements, Development, and Wear, continued (Standards pg. 47-55)
Mandibular Right
Tooth
I1
I2
C
PM1
PM2
M1
M2
M3
Presence
Development
Wear
__|__
__|__
__|__
|
|
|
Wear Total
Caries (1-7)
Abscesses (1-2)
Calculus (0-3)
Mesiodistal Diameter
Buccolingual Diameter
Crown Height
Max MD Crown Dia.
Max BL Crown Dia
MD Cervical Dia
BL Cervical Dia
MB-DL Crown Dia
ML-DB Crown Dia
MB-DL Cervical Dia
ML-DB Cervical Dia
Mandibular Left
Tooth
Presence
Development
Wear

I1

I2

C

Wear Total
Caries (1-7)
Abscesses (1-2)
Calculus (0-3)
Mesiodistal Diameter
Buccolingual Diameter
Crown Height
Max MD Crown Dia.
Max BL Crown Dia
MD Cervical Dia
BL Cervical Dia
MB-DL Crown Dia
ML-DB Crown Dia
MB-DL Cervical Dia
ML-DB Cervical Dia
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PM1

PM2

M1

M2

M3

__|__
|

__|__
|

__|__
|

Dental Modification
Romero & Stewart, 1970 (pg. 51 -see also Standards pg. 57-60)
Maxillary Right
Tooth
I1
I2
C
PM1
Modification Type A-D/1-15

PM2

M1

M2

M3

Maxillary Left
Tooth
Modification Type A-D/1-15

I1

I2

C

PM1

PM2

M1

M2

M3

Mandibular Right
Tooth
Modification Type A-D/1-15

I1

I2

C

PM1

PM2

M1

M2

M3

Mandibular Left
Tooth
Modification Type A-D/1-15

I1

I2

C

PM1

PM2

M1

M2

M3

Dental Pathology (Standards pg. 56-57)
Maxillary Right
Tooth
Defect (0-7)
Location (mm)
Color (1-4)
Maxillary Left
Tooth
Defect (0-7)
Location (mm)
Color (1-4)
Mandibular Right
Tooth
Defect (0-7)
Location (mm)
Color (1-4)
Mandibular Left
Tooth
Defect (0-7)
Location (mm)
Color (1-4)

I1

I2

C

PM1

PM2

M1

M2

M3

I1

I2

C

PM1

PM2

M1

M2

M3

I1

I2

C

PM1

PM2

M1

M2

M3

I1

I2

C

PM1

PM2

M1

M2

M3
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Paleopathology
Element: _______
Side: __________
Notes:

Element: _______
Side: __________
Notes:

Element: _______
Side: __________
Notes:

Element: _______
Side: __________
Notes:

Element: _______
Side: __________
Notes:

Element: _______
Side: __________
Notes:

Element: _______
Side: __________
Notes:
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Skeletal Frailty Index Biomarkers (Marklein, et al., 2016; pg. 212)
*See also supplementary articles and books
Stress Category
Frailty Variables
Scores (Present/Absent) Frailty Score
and Measurements
(0/1)
Growth
Femoral Length
Femoral Head Diameter
Nutrition and
Periostitis/Osteomyelitis
Infection
Periodontal Disease
PH/CO
Rickets/Osteomalacia
Neoplasms
Osteoporosis
Activity
Osteoarthritis
Intervertebral Disc
Disease
Rotator Cuff Disorder
Trauma
Fracture
Total SFI Score (1-13)_________
Additional Comments and Notes
______________________________________________________________________________
______________________________________________________________________________
______________________________________________________________________________
______________________________________________________________________________
______________________________________________________________________________
______________________________________________________________________________
______________________________________________________________________________
______________________________________________________________________________
______________________________________________________________________________
______________________________________________________________________________
______________________________________________________________________________
______________________________________________________________________________
______________________________________________________________________________
______________________________________________________________________________
______________________________________________________________________________
______________________________________________________________________________
______________________________________________________________________________
______________________________________________________________________________
______________________________________________________________________________
______________________________________________________________________________
______________________________________________________________________________
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Date

Portion

Samples Log
Purpose

Photo Log
Date

Photo Number

Description
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Destination

Researcher

Appendix B. Data Collection Form Non-Adults
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Elmina
Locus: _____
Area: _____
Unit: ______ Level(s): _____
Unit: ______ Level(s): _____
Unit: ______ Level(s): _____
Other provenience information: ______________

Burial #: ___________
Age: __________
Stature: _________
Pathology?: _______
Cu Staining? _________
Pipewear? _________

Overall Skeletal Completeness: __________
Form Completion (Completed section denoted by checkmark)
Visual Form: _____
Skeletal Inventory: _____
Cranial Measurements: _____
Postcranial Measurements: _____
Development and Epiphyseal Union: _____
Dental Visual Form: _____
Dental Pathology: _____
Dental Measurements, Development, and Wear: _____
Dental Modification: _____
Type: _____
Paleopathology Form: _____
Additional Paleopathology Forms? _____
Skeletal Frailty Index Score: _____

Number of Additional Forms: _____

Samples Taken: _____
FMP Record Numbers:
Summary Sheet: __________
Vertebra: __________
Os Coxa: __________
Feet: __________

Cranial: __________
Shoulder: __________
Leg: __________

Dental: __________
Arm: __________
Hand: __________

Additional Comments and Notes
______________________________________________________________________________
______________________________________________________________________________
______________________________________________________________________________
______________________________________________________________________________
______________________________________________________________________________
______________________________________________________________________________
______________________________________________________________________________
______________________________________________________________________________
______________________________________________________________________________
______________________________________________________________________________
______________________________________________________________________________
______________________________________________________________________________
______________________________________________________________________________
______________________________________________________________________________
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Recorded as L/R (when paired); Completeness 100%, 75%, 50%, 25%; Blank means Not Present

Cranial Bones and Joint Surfaces
Sphenoid _____
Ethmoid _____
Greater Wings ___/___
Nasal ___/___
Zygomatic ___/___
Vomer _____
Maxilla ___/___
Inf. Nasal Concha ___/___
Palatine ___/___
Mandible ___/___
TMJ ___/___

Frontal ___/___
Parietal ___/___
Occipital _____
Pars lateralis ___/___
Pars basilaris ______
Temporal ___/___
Clavicle ___/___
Medial Epiphysis ___/___
Scapula ___/___
Coracoid Epiphysis ___/___
Glenoid fossa ___/___

Postcranial Bones and Joint Surfaces
Sacral Segments (1-5) _____ Acetabulum ___/___
Coccyx ___/___
Auric. Surface ___/___
Ilium ___/___
Pubic Symphysis ___/___
Ischium ___/___
Patella ___/___
Pubis ___/___

Vertebrae (Individual)
C1 Neural Arches ___/____
C1 ‘Body’ ______
C2 Neural Arches_____
C2 Odontoid Process ______

Ribs (Individual)
1st ___/___
2nd ___/___
11th ___/___
12th ___/___

Vertebrae (Grouped)
Cervical Body/Neural Arches (3-7) ____|____/____
Cervical Fused (3-7) ______
Thoracic Body/Neural Arches(1-12) ____|____/___
Thoracic Fused (1-12) ______
Lumbar Body/Neural Arches (1-5) ____|____/____
Lumbar (Fused) ______
Ribs (Grouped [#Present/#Complete])
3-10 L___/___
R___/___
Unsided ___/___
Manubrium ______
Sternebrae (1-4) ______

Xyphoid ____

Comments: ____________________________________________________________________
______________________________________________________________________________
______________________________________________________________________________
______________________________________________________________________________
______________________________________________________________________________
______________________________________________________________________________
______________________________________________________________________________
______________________________________________________________________________
______________________________________________________________________________
______________________________________________________________________________
______________________________________________________________________________
______________________________________________________________________________
______________________________________________________________________________
______________________________________________________________________________
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Recorded as L/R (when paired); Completeness 100%, 75%, 50%, 25%; Blank means Not Present

Long Bones
L. Humerus: Head ____ Capitulum____ Trochlea____ P 1/3____ M 1/3____ D 1/3 ____ C ___
R. Humerus: Head ____ Capitulum____ Trochlea____ P 1/3____ M 1/3____ D 1/3 ____ C ___
L. Radius: Head ____ Distal Ep.____ P 1/3____ M 1/3____ D 1/3 ____ C ____
R. Radius: Head ____ Distal Ep.____ P 1/3____ M 1/3____ D 1/3 ____ C ____
L. Ulna: Olecranon____ Distal Ep.____ P 1/3____ M 1/3____ D 1/3 ____ C ____
R. Ulna: Olecranon____ Distal Ep.____ P 1/3____ M 1/3____ D 1/3 ____ C ____
L. Femur: Gr. Troch___ Le. Troch___ Head___ Distal Ep.___ P 1/3___ M 1/3___ D 1/3___ C__
R. Femur: Gr. Troch___ Le. Troch___ Head___ Distal Ep.___ P 1/3___ M 1/3___ D 1/3___ C__
L. Tibia: Proximal Ep.____ Distal Ep.____ P 1/3____ M 1/3____ D 1/3 ____ C ___
R. Tibia: Proximal Ep.____ Distal Ep.____ P 1/3____ M 1/3____ D 1/3 ____ C ___
L. Fibula: Proximal Ep.____ Distal Ep.____ P 1/3____ M 1/3____ D 1/3 ____ C ___
R. Fibula: Proximal Ep.____ Distal Ep.____ P 1/3____ M 1/3____ D 1/3 ____ C ___
Scaphoid ___/___
Lunate ___/___
Triquetral ___/___

Hand
Pisiform ___/___
Trapezium ___/___
Trapezoid___/___

Capitate ___/___
Hamate ___/___

MC1 ___/___
MC1 Prox. Ep. ___/___
MC1 Dist. Ep. ___/___
MC2 ___/___
MC2 Prox. Ep. ___/___
MC2 Dist. Ep. ___/___
MC3___/___
MC3 Prox. Ep. ___/___
MC3 Dist. Ep. ___/___
MC4 ___/___
MC4 Prox. Ep. ___/___
MC4 Dist. Ep. ___/___
MC5 ___/___
MC5 Prox. Ep. ___/___
MC5 Dist. Ep. ___/___
No. UnID MC Prox. Ep. _____
No. UnID MC Dist. Ep. _____
No. Phalanges _____ No. Phal. Unfused Prox Ep. _____ No. Phal. Unfused Dist. Ep. _____
Talus ___/___
Calcaneus ___/___
Cuboid ___/___

Foot
Navicular ___/___
Lateral (3rd) Cun. ___/___
st
Medial (1 ) Cun. ___/___
Intermed. (2nd) Cun. ___/___

MT1 ___/___
MT1 Prox. Ep. ___/___
MT1 Dist. Ep. ___/___
MT2 ___/___
MT2 Prox. Ep. ___/___
MT2 Dist. Ep. ___/___
MT3___/___
MT3 Prox. Ep. ___/___
MT3 Dist. Ep. ___/___
MT4 ___/___
MT4 Prox. Ep. ___/___
MT4 Dist. Ep. ___/___
MT5 ___/___
MT5 Prox. Ep. ___/___
MT5 Dist. Ep. ___/___
No. UnID MT Prox. Ep. _____
No. UnID MT Dist. Ep. _____
No. Phalanges _____ No. Phal. Unfused Prox Ep. _____ No. Phal. Unfused Dist. Ep. _____
Comments: ____________________________________________________________________
______________________________________________________________________________
______________________________________________________________________________
______________________________________________________________________________
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Cranial Measurements (Standards pg. 45)
L
M
R
1. Lesser Wing of the Sphenoid
Length
______
______
Width
______
______
2. Greater Wing of the Sphenoid
Length
______
______
Width
______
______
3. Body of the Sphenoid
Length
______
Width
______
4. Petrous and Mastoid
Length
______
______
Width
______
______
5. Pars basilaris
Length
______
Width
______
6. Zygomatic
Length
______
______
Width
______
______
7. Maxilla
Length:
______
______
Height
______
______
Width
______
______
8. Mandible
Length of the Body
______
______
Width of the Arc
______
______
Full Length of Half Mandible
______
Postcranial Measurements (Standards pg. 46)
L
R
L
R
L
9. Clavicle
13. Pubis
17. Femur
Length
____ ____
Length ____ ____
Length ____
Diameter
____ ____ 14. Humerus
Width ____
10. Scapula
Length ____ ____
Dia. ____
Length(height)____ ____
Width ____ ____ 18. Tibia
Width
____ ____
Dia. ____ ____
Length ____
Spine Length ____ ____ 15. Ulna
Dia. ____
11. Ilium
Length ____ ____ 19. Fibula
Length
____ ____
Dia. ____ ____
Length ____
Width
____ ____ 16. Radius
Dia. ____
12. Iscium
Length ____ ____
Length
____ ____
Dia. ____ ____
Width
____ ____
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R
____
____
____
____
____
____
____

Development and Epiphyseal Union (Standards pgs. 40-43)
Record as L/R when paired. Stage of Union: blank=unobservable; 0=open; 1=partial; 2=complete union

Bone
Epiphysis
Stage of Union
Cranium
Spheno-Occipital Synchondrosis______
Occipital
Lateral Part to Squama_____
Basilar Part to Squama
_____
Cervical Vert Superior
______
Inferior
______
Neural Arches to Each Other ______
Neural Arches to Centrum ______
Thoracic Vert Superior
______
Inferior
______
Neural Arches to Each Other ______
Neural Arches to Centrum ______
Lumbar Vert Superior
______
Inferior
______
Neural Arches to Each Other ______
Neural Arches to Centrum ______
Scapula
Coracoid
___/__
Acromion
___/__
Femur
Head
___/__
Gr. Trochanter
___/__
Le. Trochanter
___/__
Distal
___/__

Bone
Os Coxae

Area of Union
Iliac Crest
Ischial Tuberosity
Ilium-Pubis
Iscium-Pubis
Iscium-Ilium
Sacral Segments
1-2
2-3
3-4
4-5
Humerus
Head
Distal
Med. Epicondyle
Radius
Proximal
Distal
Ulna
Proximal
Distal
Clavicle
Sternal
Tibia
Proximal
Distal
Fibula
Proximal
Distal

Extent
___/___
___/___
______
______
______
______
______
______
______
___/__
___/__
___/__
___/__
___/__
___/__
___/__
___/__
___/__
___/__
___/__
___/__

Comments: ____________________________________________________________________
______________________________________________________________________________
______________________________________________________________________________
______________________________________________________________________________
______________________________________________________________________________
______________________________________________________________________________
______________________________________________________________________________
______________________________________________________________________________
______________________________________________________________________________
______________________________________________________________________________
______________________________________________________________________________
______________________________________________________________________________
______________________________________________________________________________
______________________________________________________________________________
______________________________________________________________________________
______________________________________________________________________________
______________________________________________________________________________
______________________________________________________________________________

298

Dental Measurements, Development, and Wear (Standards pg. 47-55)
Deciduous Dentition
Maxillary Right
Maxillary Left
1
2
1
2
1
Tooth
i
i
c
m
m
Tooth
i
i2
c
m1
Presence
Presence
Development
Development
Caries (1-7)
Caries (1-7)
Abscesses (1-2)
Abscesses (1-2)
Calculus (0-3)
Calculus (0-3)
MD Dia
MD Dia
BL Dia
BL Dia
Crown Height
Crown Height
Max MD
Max MD
Crown Dia.
Crown Dia.
Max BL Crown
Max BL Crown
Dia
Dia
MD Cervical
MD Cervical
Dia
Dia
BL Cervical
BL Cervical
Dia
Dia
MB-DL Crown
MB-DL Crown
Dia
Dia
ML-DB Crown
ML-DB Crown
Dia
Dia
MB-DL
MB-DL
Cervical Dia
Cervical Dia
ML-DB
ML-DB
Cervical Dia
Cervical Dia
Mandibular Right
Tooth
i1
Presence
Development
Caries (1-7)
Abscesses (1-2)
Calculus (0-3)
MD Dia
BL Dia
Crown Height
Max MD
Crown Dia.
Max BL Crown
Dia
MD Cervical
Dia

i2

c

m1

m2
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Tooth
Presence
Development
Caries (1-7)
Abscesses (1-2)
Calculus (0-3)
MD Dia
BL Dia
Crown Height
Max MD
Crown Dia.
Max BL Crown
Dia
MD Cervical
Dia

i1

Mandibular Left
i2
c
m1

m2

m2

BL Cervical
Dia
MB-DL Crown
Dia
ML-DB Crown
Dia
MB-DL
Cervical Dia
ML-DB
Cervical Dia
Permanent Dentition
Maxillary Right
Tooth
Presence
Development
Wear

BL Cervical
Dia
MB-DL Crown
Dia
ML-DB Crown
Dia
MB-DL
Cervical Dia
ML-DB
Cervical Dia

I1

I2

C

PM1

PM2

M1

M2

M3

__|__
|

__|__
|

__|__
|

M1

M2

M3

__|__
|

__|__
|

__|__
|

Wear Total
Caries (1-7)
Abscesses (1-2)
Calculus (0-3)
Mesiodistal Diameter
Buccolingual Diameter
Crown Height
Max MD Crown Dia.
Max BL Crown Dia
MD Cervical Dia
BL Cervical Dia
MB-DL Crown Dia
ML-DB Crown Dia
Maxillary Left
Tooth
Presence
Development
Wear

I1

I2

C

Wear Total
Caries (1-7)
Abscesses (1-2)
Calculus (0-3)
Mesiodistal Diameter
Buccolingual Diameter
Crown Height
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PM1

PM2

Max MD Crown Dia.
Max BL Crown Dia
MD Cervical Dia
BL Cervical Dia
MB-DL Crown Dia
ML-DB Crown Dia
Mandibular Right
Tooth
Presence
Development
Wear

I1

I2

C

PM1

PM2

M1

M2

M3

__|__
|

__|__
|

__|__
|

M1

M2

M3

__|__
|

__|__
|

__|__
|

Wear Total
Caries (1-7)
Abscesses (1-2)
Calculus (0-3)
Mesiodistal Diameter
Buccolingual Diameter
Crown Height
Max MD Crown Dia.
Max BL Crown Dia
MD Cervical Dia
BL Cervical Dia
MB-DL Crown Dia
ML-DB Crown Dia
MB-DL Cervical Dia
ML-DB Cervical Dia
Supernumerary Teeth:
Mandibular Left
Tooth
Presence
Development
Wear

I1

I2

C

Wear Total
Caries (1-7)
Abscesses (1-2)
Calculus (0-3)
Mesiodistal Diameter
Buccolingual Diameter
Crown Height
Max MD Crown Dia.
Max BL Crown Dia
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PM1

PM2

MD Cervical Dia
BL Cervical Dia
MB-DL Crown Dia
ML-DB Crown Dia
MB-DL Cervical Dia
ML-DB Cervical Dia
Dental Modification
Romero & Stewart, 1970 (pg. 51 -see also Standards pg. 57-60)
Maxillary Right
Tooth
I1
I2
C
PM1
Modification Type A-D/1-15

PM2

M1

M2

M3

Maxillary Left
Tooth
Modification Type A-D/1-15

I1

I2

C

PM1

PM2

M1

M2

M3

Mandibular Right
Tooth
Modification Type A-D/1-15

I1

I2

C

PM1

PM2

M1

M2

M3

Mandibular Left
Tooth
Modification Type A-D/1-15

I1

I2

C

PM1

PM2

M1

M2

M3

Comments: ____________________________________________________________________
______________________________________________________________________________
______________________________________________________________________________
______________________________________________________________________________
______________________________________________________________________________
______________________________________________________________________________
______________________________________________________________________________
______________________________________________________________________________
______________________________________________________________________________
______________________________________________________________________________
______________________________________________________________________________
______________________________________________________________________________
______________________________________________________________________________
______________________________________________________________________________
______________________________________________________________________________
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Age
Standards Epiphyseal Union Age Estimation (pgs. 40-43): _________
*See also Scheur & Black Ch 9.
AlQahtani et al., 2010 (p485): Dentition

Age Estimate: __________

Comments: ____________________________________________________________________
______________________________________________________________________________
______________________________________________________________________________
______________________________________________________________________________
______________________________________________________________________________
______________________________________________________________________________
______________________________________________________________________________
______________________________________________________________________________
______________________________________________________________________________
______________________________________________________________________________
Dental Pathology (Standards pg. 56-57)
Maxillary Right
Tooth
Defect (0-7)
Location (mm)
Color (1-4)
Maxillary Left
Tooth
Defect (0-7)
Location (mm)
Color (1-4)
Mandibular Right
Tooth
Defect (0-7)
Location (mm)
Color (1-4)
Mandibular Left
Tooth
Defect (0-7)
Location (mm)
Color (1-4)

I1

I2

C

PM1

PM2

M1

M2

M3

I1

I2

C

PM1

PM2

M1

M2

M3

I1

I2

C

PM1

PM2

M1

M2

M3

I1

I2

C

PM1

PM2

M1

M2

M3
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Paleopathology
Element: _______
Side: __________
Notes:

Element: _______
Side: __________
Notes:

Element: _______
Side: __________
Notes:

Element: _______
Side: __________
Notes:

Element: _______
Side: __________
Notes:

Element: _______
Side: __________
Notes:

Element: _______
Side: __________
Notes:
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Skeletal Frailty Index Biomarkers (Marklein, et al., 2016; pg. 212)
*See also supplementary articles and books
Stress Category
Frailty Variables
Scores (Present/Absent) Frailty Score
and Measurements
(0/1)
Growth
Femoral Length
Femoral Head Diameter
Nutrition and
Periostitis/Osteomyelitis
Infection
Periodontal Disease
PH/CO
Rickets/Osteomalacia
Neoplasms
Osteoporosis
Activity
Osteoarthritis
Intervertebral Disc
Disease
Rotator Cuff Disorder
Trauma
Fracture
Total SFI Score (1-13)_________
Comments: ____________________________________________________________________
______________________________________________________________________________
______________________________________________________________________________
______________________________________________________________________________
______________________________________________________________________________
______________________________________________________________________________
______________________________________________________________________________
______________________________________________________________________________
______________________________________________________________________________
______________________________________________________________________________
______________________________________________________________________________
______________________________________________________________________________
______________________________________________________________________________
______________________________________________________________________________
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Appendix C. Copyright Permissions
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Tuesday, September 28, 2021
From: Heidi Miller
3841 Kensington Road Apt N115
Decatur, GA 30032
(740)704-3978
Dr. Christopher R. DeCorse
714 Scott Ave.
Syracuse, NY 13224
Dear Dr. DeCorse:
I am requesting permission to reprint Figure 5 of the following work:
DeCorse, Christopher R., 1992. Culture Contact, Continuity, and Change on the Gold Coast, AD 1400–
1900. African Archaeological Review 10, page 177.
In addition, I am asking for permission to print unpublished photographs of archaeological field work
taken by you.
This request is for permission to include the above content as part of the following project that I am
preparing:
A Diachronic View of the Impacts of Interactions between Indigenous West Africans and Europeans
during the Trans-Atlantic Trade. A Biocultural Analysis from Elmina, Ghana. A dissertation to be
published by ProQuest in 2021.
I believe that you are currently the holder of the copyright, because the original work states that copyright
is held in your name. If you do not currently hold the rights, please provide me with any information that
can help me contact the proper rightsholder. Otherwise, your permission confirms that you hold the right
to grant this permission.
This request is for a non-exclusive, irrevocable, and royalty-free permission, and it is not intended to
interfere with other uses of the same work by you. I would be pleased to include a full citation to your
work and other acknowledgement as you might request.
I would greatly appreciate your permission. If you require any additional information, do not hesitate to
contact me at the address and number above. If you agree with the terms as described above, please sign
the letter where indicated below and return.
Sincerely,

Heidi Miller
Permission is hereby granted:
Signature: _
_________________________
Name & Title: _Christopher R. DeCorse_____________
Company/Affiliation: _Syracuse University__________
Date: _9-30-21_________________________________

This copyright permission form gives me permission to use Figures 2.2, 2.3, 2.4, 2.5, and 2.6 of
this dissertation
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Table D.1. Demographic Information for Reassociated Burials
Locus A
Age Range Sex
Middle
Ind
Older
Poss Male
Ind
9-10 years N/A
Ind
Ind
6-14 years N/A
6-9 years
N/A
Young
Female

Individual
A1
A2
A3
A4
A5
A6
A7
A8
A9

Age
Adult
Adult
Adult
Child
Adult
Adult
Child
Child
Adult

A10
A11
A12
A13
A14
A16
A17
A18
A19
A20
A21

Adolescent
Child
Adult
Adult
Child
Adult
Child
Adult
Adult
Adult
Child

A22
A23
A24
A25
A26
A27
A28
A29
A30
A31
A32
A33

Adult
Child
Infant
Child
Adult
Child
Child
Child
Adult
Adult
Child
Child

15-20 years
3-4 years
Young
Young
3-5 years
Older
2-4 years
Middle

>7<16
years
Older
8-14 years
<2 years
5-7 years
Older
10-11 years
1.5-5 years
5-6 years

6-7 years
4-6 years

Age
Adult
Child
Adult
Adult
Adult
Adult
Adult
Adult
Child

B10
B11
B12
B13
B14
B15

Child
Adult
Adult
Adult
Adult
Child

N/A
N/A
Poss Female
Ind
N/A
Poss Female
N/A
Poss Male
Ind
Ind
N/A

Individual
B1
B2
B3
B4
B5
B6
B7
B8
B9

Poss Female
N/A
N/A
N/A
Ind
N/A
N/A
N/A
Ind
Ind
N/A
N/A
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Locus B
Age Range Sex
Ind
7-8 years
N/A
Middle
Poss Male
Middle
Ind
Young
Female
Middle
Ind
Young
Male
Middle
Poss Male
3-4 years
N/A
7-8 years
Older
Ind
Ind
Older
5-7 years

N/A
Poss Male
Ind
Ind
Ind
N/A

Table D.1. Demographic Information for Reassociated Burials (continued)
Locus D
Individual Age
Age Range Sex
D1
Adult
Ind
D2
Child
9-15 years N/A
D3
Child
1.5-5 years N/A
D4
Adolescent 15.5-24 year sInd
D5
Adult
Ind
D6
Adult
Poss Female
D7
Child
~5 years
N/A
D8
Perinatal
N/A
D9
Child
3-5 years
N/A
<14; Likely
10-12 years N/A
D10
Child
D11
Adult
Older
Poss Female
D12
Child
3-5 years
N/A
D13
Adult
Middle
Poss Male
D14
Child
5-7 years
N/A
D15
Adolescent 14-16 years Poss Male
D16
Adult
Middle
Poss Female

Loci E, G, Trench A, Castle
Individual Age
Age Range Sex
E1
Adult
Ind
E2
Adult Middle
Female
E3
Adult
Ind
E4
Child 3-4 years
N/A
E5
Infant 1-2 years
N/A
E6
Adult
Male
E7
Infant 1-2 years
N/A
E8
Child 6-7 years
N/A
E9
Adult Older
Poss Male
G1
G2
T1
Ca 1
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Adult
Adult
Child
Adult

Ind
Older
Ind
1.5-5 years N/A
Young
Ind

